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ABSTRACT

The interaction of an interface between two gases anz a SLIong expansisn

iCn s

investigated and the effect on flow in arn expansics tube is examired.

3

w3
mechanisms for the unsteady pitct-pressure fluctuztizns found in the test

seztion of an expansicn tube are propcsed. The firse: mecharisre deperds oo
the Rayleigh-Taylor instability cf the driver-tes- cas interface in the
presence cn a strcng expansion. The seccnd mechar.s~ depends on the
reflecticn cof the streong expansion from the interface. Fredicticns corcare

favcurably with experirmental results. The theory it expected
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independent of the absclute values of the initial er¥pansicn tube f£:

Fressures.
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1. INTRODUCTION
An expansion tube is a facility for producing high-enthalpy short-duratior
hypersonic gas flows. The principle of cperation is tc use ar ursteady
expansion for the purpose cf expanding the test gas, rather than a rczzle
as in a shock turnel. A facility built at NASA langley (Miore, 167%) was
expected to outperform conventional shock tunnels due tc tctal-enthalpy
multiplication (Trimpi, 19€2). Experimental experience in the Langl.ey
expansion tube (Mocre, 1§575; Miller, 1977; Miller, .97&; Sninn and Miller,
157€) indicated that the duration of useful test gas flc~ was much less
than expected. Evidence for this was primarily in the form of pitct-
pressure time-histcries measured at the test secticn. The pitot gpress:re
time-histories indicated two unexpected phenomena. Firstly, the regiczn of
constant pressure test flcw was found to be disturbed by la:ge
pressure peturbations and, secondly, the magnitude of the pitct pressure

was seen to ‘dip’ under some circumstances (Miller, 1977; Miller, 1%78;.

This work is aimed at exﬁlaining the first mentioned pherncmenon, that is
the pitot-pressure perturbations. It is expected that explanaticn of the
basic phenomenon, or phenomena, will enable a range ¢f useful test

conditions to be established for expansion tubes. The theory formulated
here will be applicable to free-piston driven expansion tubes suzh as at

the University of Queensland.

The chapters in this repcrt have been arranged in the fcllcowing crder;

firstly, a description of the expansion tube (ideal and real); s
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review of the literature relating to the basic mecranisms causing rezuc:t
ir. expansion tube test times; thirdly, the new theory and corputer
implementation; fourthly, compariscn to experiment; ancd fifthly, the

conclusions.
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2. THE EXPANSION TUBE

2.1 The 1deal Expansion Tube

The expansion tube in which the experimental data was cbtained is the srall
‘TQ' expansion tube in the Department of Mechanical Engineering at the
Uriversity of Queensland, Brisbane, Australia. The major difference in
operation between this facility and the Langley facility is the free-pis=z-
driver (Stalker, 19€7). The first advantage of this type c¢f driver is tha-

higher driver temperatures can be achieved than with a conventisnal driver.
Secondly, the temperature and pressure cf the driver gas can be var:ieZ cver
a wide range by different chcice of diaphragm rupture pressure and filling
pressures. Thirdly, the driver is at approximately constant pressure durics

the shock/expansion tube flcw rather than the driver being a ccnstant

velume.,

Figure 1 shows the wave diagram for a free-piston driven expansicn tube.
The flow is in three stages. In the first stage the piston is driven down
the compression tube by air at high pressure thus compressing the driver
gas. The driver gas is chosen to have a high speed of sound. When the
piston has imparted most of its energy to the driver gas the pressure of

the gas is enough to rupture the primary diaphragm,

tube causing a strong shock wave to be propagated down the tube thr-o.sh

S0

.

test gas. As driver gas flows out of the driver tube the pisten velocity .g

chcsen to match this flow-rate and hence to maintain the driver ressure a-
P

ar approximately constant level. An interface, or contact surface,

separetes the driver and test gases.

Upor the primary shocks arrival at the secondary diapghrazm, wh
separates the test gas from the low pressure acceleraticn gas, the t-irz
stage of flow is initiatec¢. The seccndary diaphragm bursts and a streng
shock wave propagates threcugh the acceleration gas. An seccnc interfa-e
separates the test gas and the acceleration gas. A shock wave may be
reflected at the secondary diaphragr. The test gas expands thrcocugh the
strong isentropic centred expansion wave generated by the low gas pressure
in the expansion tube, thus acquiring kinetic energy. This exparded tes:

gas arrives at the end of the tube and flows into the test section.
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Figure 2 shows the ideal pitot pressure time hisiory at the test sectinn.
The acceleration tube flow causes the initial step in pitot pressure and
the test gas causes the second much greater step (the magnitude of thre ster
is greater because the temperature of the test gas 1s significantly less
than the acceleration gas). The test period contirues until the arrival cf
the tail of the strcng expansion when the pitct pressure begins t¢ ramp g

(due to the decrease in Mach number).

2.2 Boundary layer Entrainment Effect

The effect on shock tube flow of unsteady beoundary layers which develop
behind the primary shock wave have been studied by Mirels (19€3) and (1%:4,
for lamirar and turbulent boundary layers. The effect of the boundary la
is to entrain fluid from the region between the primary shock and the
interface (see Figure 3). This causes the shock wave and the interface +:c
approach each other, reaching a maximum separaticr if the tube is long
encugh. It can be seen that the flow between the shock and the interface :.:s
non-uniform in shock-fixed coordinates. When the limiting separation has
been reached the freé-stream flow has a finite subsonic speed after
processing by the (fixed) shock but the contact surface is stationary.
Therefore the flow between the shock and the contact surface is non-
uniform. As a first approximation the free-stream flow can be assumed tc be
uniform. This will be true exactly for strong shocks as the shock speed
approaches infinity. To find the separation of the shock anc the contace
surface as a function of distance the approximaticr of a uniform free-
stream can be made and the flow is further assumed to be steady at each
instant. The shock is assumed to be strong with c:ﬁstant speed and herce
each gas particle undergoes the same increase in ntropy as it is prccecssed

by the shock. Mirels has derived expressions fcr tre limiting separaticrs

and the separation function with distance for bot: larinar aand turbulens
becundery layers for a range of real and ideal gases.

This effect has important ramifications con expansicn tube fliow simce it
means that the time interval between incident shcsk and tail of expansicT

wave arrival at the test section will be decreasez (Figure 4).

2.3 Real Gas Effects

Since high enthalpies are expected behind strong shock waves such as thoce
generated in an expansion tube (up to 5 kms™- in T acceleration tube
section and about 2 kms - in shock tube section with helium driver - Paull

Stalker and Stringer, 1988) real gas effects such as vibratioral

excitation, dissociation and relaxation are expected to occur. However,

6



according to Trimpi (1962), less dissociation would be expected to occur
than in a reflected shock tunnel. There is the possibility of the flow
freezing while being expanded but this should not be significant due to the
fact that, except for near the centre of the expansion wave, the expansicr
is spread over a significant proportion of the acceleration tube length as
cppcsed to the relatively short length of a nozzle in a shock tunnel. Herce
it would be expected that there would be time for the gas to relax to
equilibrium.

Moore (187S) used twoc real air model to predict the wall static p:ess:ge
and pitot-pressure at the test section of the Llangley expansion tube as a
function of interface velocities. The interface velocity was inferred frerm
measurements of the incident shock wave and by using the thecry of Mirels.
Trhe two models of air were firstly, thermodynamic equilibrium and secondly,
vibrational and chemical freezing. The reflected shock wave from the
secondary diaphragm was assumed to lie between the limits of being
degenerate or of standing at tpe secondary diaphragm station. The measured
wall static pressures agreed closely with the equilibrium model while the
Pitot-pressures were between the equilibrium and the frozen predictions.
However, Miller (1975) found that predictions assuming equilibrium
expansion for air with no reflected shock wave gave the best comparison

with experiment.
2.4 Experimental Results from Expansion Tubes

Unsteadiness in Test Section Pitot-Pressure .

Resuits from the langley and the TQ expansion tubes both reveal unsteady
piteot pressure effects showing variation of the acceleration tube pressure
{Figure 5). The flow conditions in the University of Queensland facilicy
were chcsen to duplicate the Reynolds number, kasei on shock tube diamezer,
at the same shock velocities as in the Langley tube (Paull, Stalker and

Stringer, 1588). The pitct pressure traces are sirillar except for the ‘a:

-

pherncmenon observed in the Langley tube (Moore, 1975: Miller, 1977 ari3
Miller, 1978). It can be seen from the experimental results that when the
acceleration tube pressure is increased, for a constant shock tube
pressure, that the frequency of the pressure fluctuations increases. This

“LaCh

suggests that there could be more than one mecharism causing fluctuations,

Shock Generated by Secondary Diaphragm Rupture
Ideally the secondary diaphragm which initially separates the test and
acceleration tube gases, shculd be light and rup:ure ins:antanecusly.

However experiments by Shinn and Miller (1978) indicated that these

CRIGINAL PAGE IS
OF POOR QUALITY
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conditions were very often not met in practice. They cobtained from tube
wall pressure transducers evidence that a shock wave was reflected from the
secondary diaphragm and traveled upstream against the oncoming test gas
flow. Subseguently the shock wave reflected from the interface berween the
driver and test gases. In some cases, the shock overtook the accelerat:
tube incidert shock thus increasing wall pressures (see Figure 6). This
effect was more pronounced when the seccndary diaphragm was of greater
thickness and when helium was used as a test gas. Ir the case of air ang
carbon dicxide test gases the shock wave was not strong encugh to travel
upstream and conseguently was swept downstream by the oncoming test gaS

flow (Miller, 197%).

Boundary lLayer Transition Effect
It was shown by Shinn and Miller (1978) that the rezson for the dip in the
pitot pressure of the Langley tube is due to the transition of the boundary

layer behind the incident shock wave in the acceleration tube section.



3. LITERATURE REVIEW

3.1 Turbulence at the Interface and Developzent of Mixing
Region
The interface between the driver and test gases ir a shock tunnel is
expected to be a region of high turbulence (Hookez, 19€1) partly expla:ine?
by non-ideal diaphragm rupture (White, 1958) and Reyleigh-Taylor
instability (Tayloer, 1950: Lewis, 1950:; Lin and Fyfe, 15%61). This
turbulence leads to mixing of the driver and test czses. Because of mixing,
less test gas will be available for expansion thrcugh the nozzle into the
test section since the interface becomes a mixing region. This phencmencn
is alsc relevant to the driver-test gas interface ir an expansion tube
since less test gas will be available for processing by the strong

exparsion and hence the test time will be shortenesz,

An early analysis to determine the conditions unde:r which a mixing regicn
developed was by White (1958). White considered ec.al amounts of driver arsz
test gas (volume V/2), at different temperatures (7, and Tp), mixing at the
interface at constant pressure. Taking the limit where the temperature
ratio across the interface, N = T4/ Tp, was large, the change in volume of
the interface could be determined. Making the assu=ption that the driver
gas had a smaller mclar specific heat, Cesy (i.e. & monatomic gas) than =re
test gas, Cpp, an increase in volume was obtained when the driver gas was

cocler than the test gas at the interface. The chenge in volume is giver

by,
1+ av 1 + N (1l + Co,/Cc. ;
m 2 \N < Co.ice. =)
and fcr N >> 1,
av 1 ) -
1+ K] (1 + Cps/Cpp) (2}

This situation occurs in conventional shock tubes where there is no pre-
heéting of the driver gas, and in free-piston driven facilities for some
cenditicons. It should be noted that the higher the primary shock Mach
number the hotter the test gas in relation to the driver gas and hence the
mcre spread out the mixing region. The flow betwee= the incident shock.wave

ard the interface will be affected by this change In contact region volume,

Saur

0

which can be thought of as an increase in effective “piston” velocity. In

9
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the other limit where the expanded driver gas is much hotter than the test

gas a decrease in volume of the mixing region would be expected.

lin and Fyfe (13%61) showed by dimensional arguments that the eddy
diffusivity, which controls the spreading rate of the mixing regicn, was

proportional to primary diaphragm diameter.

3.2 Rayleigh-Taylor Instability

Taylor (1950) and Lewis (19530) showed thecretically and experimentally tha-
“..when two superpcsed fluids of different densities are accelerated in a
directicn perpendicular to their interface, this surface is staktle or
unstable accerding to whether the accelieration is directed from the heavier
to the lighter fluid or vice-versa.” The amplification and suppression of
interface instability is shown in Figure 7. This phenomencn is known as
Rayleigh-Taylor instability of accelerated interfaces and is applicable :-

shock and expansion tube flcw to the driver/test gas interface.

3.3 Conditions for Rayleigh-Taylor 1Instability in Shock Tubes
An analysis was carried out by Levine (1970) who assumed that Rayleigh-
Taylor instability of the driver/test gas interface caused a reduction in
available test gas in a shock tube. A density gradient was produced by the
mixing of cold driver gas with hot test gas at the interface in differen-
prcportions assuming constant pressure. A minimum density was found since
the driver gas has a smaller average molecular weight than the test gas.
This meant that the density of some of the gas in the mixing region was
less than the hot gas sample and the driver gas. The acceleraticn field
regquired to accelerate the less dense gas was provided by relaxaticn
effects in an ionized monatomic test gas behind a strong shock wave. The
test gas ionised a certain time after being processed by the primary sh:c:z
wave, resulting in a reduction in temperature and an increase in dernsity

and hence, by continuity, an acceleration (Figure £).

Levine used a semi-empirical apprcach to determine the mixing rate at the
irterface and hence the minimum density and the resulting test gas sample
size. He derived an equation of moticn fcr a ‘blob’ of light gas prolected
ahead cof the contact surface in the presence of a heavier test gas. A
simglifying assumption was made that the ratio of less to mcre dense gas
‘remained constant during the period of the shock tube flow. From this he
determined whether a test gas sample was likely tc accumulate or not for

given shock tube conditions. Gas at density pPr:r is buoyant in fluid of

10
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density pn,;x under pseudo-gravitational field g where Ve is the velocity a-

which fluid is propelled ahead of the contact surface. The equation is,

dv,
Prin .;C- - (prrax - P—.*’? {

tar

Hecuwing, Hornung and Sandeman (1981) and Houwing and Sandeman (1983)

investigated Rayleigh-Taylor instability of an interface in shock ture ¢

3]

similar to the case of Levine. They showed that less dense “"blobs” can
occur under two conditions. Firstly when the driver gas was less dense -trez-
the test gas or, as in the case of Levine, when the driver ard test gases
were mixed. Density profiles as a functior of the proporticn of driver gas
are shown in Figure 9 and are reproduced from Houwing, Horrnung and Sander:-

-

(1S81). In both cases the test gas temperature was greater than tha: of
driver gas. Houwing and Sandeman make the statement that if the ratic cf
the minimum density to the test gas density is calculated using the sare
method as Levine it is approximately equal to the ratio of average

molecular weights across the interface.

Houwing, Hornung and Sandeman considered acceleration fields caused firstl.y

by relaxation effects, due to vibrational non-equilibrium and dissociati

behind the primary shock wave, and secondly from boundary layer mass

rntrainment effects. Only the mass entrainment effect is ccnsidered here

tube flow: and will not be taken into account in this analysis.

Houwing et al. (1981) and (1983) derived a more corplete equation cf mord

c¢r the blobs than Levine by including the virtual mass of the bucyan:
sphere. The eguation of motion follows that derived by Batchelor (13€7; a-=

is reproduced from Houwing and Sandeman (19€3),

duy du; 1 diuyr = u;)
M S > M- pre (4)

where p. is the density and up is the velocity cf a non-deforming sghere i-
a frictionless accelerating fluid of density p: and velocity u;. Here M

the mass of the sphere and M: is the mass of the fluid displaced. The rlzz:s

are assumed to be typical of a large number cf particles which ccrmprise tre

mixing region. When the sphere distorts to conform to the enveloping

streamlines, as in the actual flow, the bucyant gas acts like a

0

on

*

The eguation cf motion is then integrated to cbtair the blck velccity as z

PRy 3

L
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function of distance downstream of the diaphragm station with the lower
limit that the blobs have the same velocity as the contact surface
immediately after diaphragm rupture. It is assumed that the flow is steady

and that the free-stream velocity decreases monotonically with distance

from the shock wave.

Boundary layer entrainment will cause the interface to accelerate due tc

removal of gas from the region of flow behind the primary shock wave. Hen-e

if blobs which are less dense than the test gas have been gererated by
interface mixing then a mechanism exists for accelerating some of the

S a1

interface gas more than the test gas.

12
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4. MECHANISMS CAUSING EARLY PRESSURE FLUCTUATIONS

4.1 Equations of Motion o0f a Minimum Density Blob

This section discusses pitot-pressure fluctuations caused by blobs of ligns
gas. Due to Rayleigh-Taylor instability of accelerated interfaces blcbs cf
gas, of a lower density than the test gas, can be generated by mixing at
the interface. These blobs tend to accelerate more rapidly than the
surrounding test gas, in the direction of the acceleraticn. Hence in the
acceleration field of the strong expansion they overtake the test cas arz
have the potential to arrive at the test section during the period of )
useful test flow causing pressure fluctuations (see Figure 10). As
mentiocned above there are two ways of generating lcwer density blobs.
Firstly if the driver gas is less dense than the test gas blcbs of driver
gas will be buoyant in the test gas; and secondly by mixing in differens
propertions a cold monatomic driver gas with a hot diatomic test gas, wherse
the driver gas has a2 smaller average molecular weight than the test gas, a

blob with a density less than that of both gases can be produced.

The mechanism is implemented in three stages. Firstly the driver and tes-
gases mix generating less dense blobs of gas. Secondly the blobs separate
from the contact surface in the shock tube flow region, due to Rayleignh-
Taylor instablity, and are propelled forward of the test gas by the
boundary layer entrainment effect in the shock tube region. Thirdly the
bloks are propelled forward by the strong expansicn in the acceleratinsn
tube region. The mixing model of Levine was used for the generaticn ¢f the
blobs at the interface. In the shock tube the equations used were similar
tc those of Houwing and Sandeman. New equations are develcped for flow irn

the strong expansion region,

Generation of Density Minimum

The minimum density due to mixing at the interface is derived belcow.

-Conservation of Energy

mghg + m:h. = mh ()
5 9
@3 RTg + (1 - @) 5 ReTe = h (€)
m.
a = —tlee— (’;)
my + m;
R R )
H ;T (&)

13
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where d = denotes driver gas
t = denotes test gas
m = mass
h - static enthalpy
R = engineering gas constant
T = static temperature
lof = driver mass fraction
R = universal gas constant
W

f = mclecular weight

-Enthalpy of Mixture at Interface (average transla<isnal and rotational

kinetic energy)

3.~ - K
5 n:(?RTd-ZiRT) +n,(3ﬁ.)
m m. + mg
) 7
= -— + - - R,
as RoT (1 a T RT ()
SAR.Ty + 7(1 ~ Q)R,T.
T = —£ = (201
5aRys + 7{(1 - Q)R,
-Equation of State
mg"‘ m- D
P v

(@QRg + (1 - )R.) T

P ((5Rs - TR.)a + 9R.)

((Rs = RaYa@ + Re) ((SR:Ty - 7R.Tya + TR.T.)

where P = static pressure

p = static density

-Zensity Ratic

W
2. : .
p- ((%—-1}z+1 (5—%55-—7}:»«7)

when a = ( then £ - 1

<

T, W. .
£ L

when a — 1 then Ty R

14



Hence for an ideal gas the density minimum depends on the ratic of
molecular weights and the temperature ratic across the interface, assuming

monatomic driver gas and diatomic test gas.

-Minimum Density Ratio, obtained by differentiating (12),

2
a.-et\/(e) _bd _bf g .
a a ac ae ce

where a = -_—-7

f =7 (14)

In a real gas an increase in Cr due to vibration and dissociation will

produce a lower minimum density that for an calorically ideal gas.

Acceleration of Blobs and Interface during Expansion Tube Flow

It is assumed that no heat is transferred to the blobs from the test gas
during their flight. An analysis was performed to determine the maximum
blob size which could be heated significantly during the period of tre
shock tube flow. The heated blobs were found to be too small to be
impertant with a diameter less than one thirtieth of the expansicn tube

diameter.

Tre btloks are assumed tc be in mechanical equilibrium wizk the test cas
during the period of their flight through the test gas, i.e. at the same
Fressure. Thus when the test gas pressure changes due tc the expansicn wave
the blo: properties change accordingly, assuming no heat transfer, to keer
them at the same pressure as the surrounding test gas.

Fzllowing Batchelor,

where M is the mass of the sphere, M; is the mass cf the fluid displazed ey

the sphere, U is the velocity of the sphere, and V is the velocity the

15 ORIGINAL PAGE IS
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surrounding fluid would have had if the sphere was rot present. The first
term represents the acceleration of the sphere, the second represents the
acceleration reaction of the displaced fluid on the sphere and the third
represents the bucyancy force. Rearranging and taking differentials ore

obtains,

3
T M
ad) = - - av (16}
- M*;?H; .

for a small change in the velocity of the sphere as a functicn of a srall
change in velocity of the surrounding fluid. It can be seen that when M/M:
< 1 that dq > dV and hence if this model was applied to blobs of less derse
gas generated at the interface then they would accelerated more quickly
than the surrounding test gas. The equation of motion can be integrated cre

mesh step at a time taking local values of V and M/M-.

Effect on Pitot Pressure

The effect of blobs on the test section pitot-pressure, is expected tc be
fluctuations due to the difference in temperature and density of the tlicts
compared to the test gas. The frequency of the fluctuations is expected t-=
re.ate to the most probable blob size. Thus the presence of blobs means thre
pitot-pressure trace will display a contact region spread over a

considerable time period instead of a sharply defined interface.

4.2 Reflection of Waves from the Contact Surface

Another possible mechanism for producing pitot-pressure perturbaticns is
now discussed. Under some circumstances the strong expansion through whizh
the test gas expands, after reflecting from the driver-test gas interface,
can arrive at the test section during the test pericd. Since the interfa-e
is expected to be a regiorn of high turbulence due to non-ideal diaphragm
rupture there is the potential for unsteady pressure perturbaticns tc be
propagated along the characteristics of the reflected expansion and hence
tc disrupt conditions at the test section during the test period. The
effect of the reflected expansion on the pitot pressure trace is shown in
Figure 11. It can be seen that the pitot pressure falls, until the arzival
of the ccntact surface, rather than rises as in the case where the
reflected expansion does not arrive at the test secticn. This is due tec the
reversal of the velocity gradient. Unsteady effects which exist at the
interface can then be propagated along the characteristics of the reflectes

expansion. It should be noted that the trajectcry cf the reflecticn of the

head of the strong expansion can be determined analytically.

16
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1f small perturbations of the flow properties, generated at the contact
surface, are assumed this is egquivalent to having ancther twe families ¢f
physical characteristics and another two families cf srate characteristics
correspending to the perturbations of the gas properties. Mirels angd Braur
{1962) sclved the problem of the propagation of small perturbaticns in
uniform and self-similar flows. In their cases the Physical character:istics
were coincident for beth the perturbed and unperturbed components ¢f the
State preoperties. Hence the magnitude of the perturbations cof the state-
variables could be integrated along characteristics in the expansiocn wave,
since it was self-similar, and the pitot pressure fluctuations calculated.
The magnitudes of the fluctuations depended on the turbulence at the
interface. However in this analysis only the time of arrival of pressure
perturbations is sought so the magnitude of the perturbations is not

required.

As found from the langley experiments an upstream propagating shock wave
can be generated by the rupture of the secondary diaghragm. An estimate cf
the effect of this shock wave on the test section flow can be obtained by
noting that the trajectory of a very weak shock wave is the same as that c¢
the reflected head of the strong expansion (Figure 12) . Thus an
appreximation to the time of arrival of such a shc:k wave can be gained by
finding the time at which the reflected head of thre strong exparnsion

arrives at the test section.

Another possible effect of the reflected shock wave is that after it has
been transmitted through the driver-test gas interface bifurcation may
occur. Bifurcaticn occurs when the tube wall boundary laver stagnaticn
Fressure is not great enough to allow it to be decelerated by a ncrral
shock and hence obligue shocks form and gas ccllieczts at the foor causing it
te grow with time (Figure 13). This means that a je: ¢f gas can be
generated on the walls of the tube, formed by the obligue shock waves,
which has a greater velocity towards the test section end of the tube tra-
does the gas processed by the normal shock wave. Thus driver gas can arrive
at the test section earlier than expected. This mecharism has been examinez

by Pavies and Wilson (1969) and others. It will nct be pursued here.

It should be noted that no pitot-pressure perturbations occurred in the

Langley tube without the presence of a secondary cdiaphragm (Shinr and

17
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i 1t in the
iaphra must be importan
Miller, 1978). Hence the seccndary diap gm

generation of pitot-pressure fluctuations.

18



5. IMPLEMENTATION OF SOLUTION

The method ¢of characteristics for unsteady flow in one dimension has beer
used to predict the flow in the expansion tube assuming perfect gases. Tre
effect of boundary layer entrainment has been included approximately by
calculating new trajectcries for the driver-test and test-acceleraticn gas
interfaces. The effect of the entrainment on the free-stream flow has nect
been considered; this is known as the uniform free-stream approximaticn,
The pitot pressure has been predicted as a functior of tire at the test
section by the Rayleigh pitot pressure formula with an empirical ccr:e:&;c:
being employed to acccunt for the higher predicted shock speeds than thcse

measured in experiment.

5.1 Basic Assumptions

The gases are all assumed to be thermally and caleorifically perfect and .-
thermodynamic equilibrium. In the expansion tube flow ideal diaphragm
rupture has been assumed. The free-piston driver is treated as a constans
pressure reservoir with the conditions calculated using isentropic
compression of the driver gas. The Mirels boundary layer entrainment effe--
has been included assuming the uniform free-strean approximation for the
contact surface trajectories. Primary shock waves have been assumed te have
constant velocity and hence no entropy variation exists for different
particles of gas. The latter two assumptions are bath applicable for strecng
shock waves. At the interface mixing occurs adiabatically and isobarically
in an initial thin contact surface. The blobs of lcw density gas generate:
are small, non-deforming spheres in mechanical equilibrium with the
surrounding gas flow and are typical of a large number of such which make

up the mixing front. The test section flow is assumed to be guasi-steady

for the pitot pressure determination.

5.2 Computer Progranm

The finite difference equations for the method of characteristics fcor ore-
dimensional urnsteady flow are given in Appendix E. The method was
implemented on a Apple Macintosh Plus Personal Cerzuter in compiled BaASIC.
The method uses a combined graphical-rumerical aprroach. The computer
impiementation is interactive and the procedure is similar to that requirez
if the wave diagram were to be constructed on gragh paper, except the
machine does all the calculations and the ‘house-keeping’. A flow char: cf
the program logic is shown as Figure 14. The program waits for the user tc
select from the menu the next type of point he wishes te calculate, for ex-
ample; ‘Interior’, ‘Contact’, or ‘Expansion’. Once the user has defined

this he then selects, using the mouse, the existing points from which he

19 ORIGINAL PAGE IS
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wants the new point to be calculated. The computer then calculates the new
pecint and displays its location on the screen. The properties at a point

can be perused at any time by the user. A database is generated on disc as
calculation proceeds so that the solution can be regenerated or added to a:

a2 later date. The pProgram listing can be found in Acpendix B.

When calculating the wave diagram it becomes necessary to refine the mesh
if flow properties are changing rapidly. In this case the prcgram has a
facility for ‘splitting’ the mesh by linear interpolatior of properties
between known points. This raises the problem of how to save the data fer
each point in the database such that it can be retrieved and the flowfield
reconstructed correctly. The Storage of data adopts a method of inter-
relating records known as linked records. Stcred with the values of the

properties at each pcint are two numbers. These nurbers give the numbers

the records where the properties of the two upwind points on which the
point depends are stored. It is easy therefore tc split the mesh and to
change the way the records are linked when a new intermediate point is

Created.

5.3 Verification of Computer Code and Truacation Error

The computer code was checked by calculating the trajectory cof the contacet
surface through the expansion fan when the same gas at the same conditisns
is on either side. This is the same as calculating a particle path. The

three families of characteristics give,

ar 1 .
o " - a (17
a. - -
CAP S FNE N TR T (e

dt 1
E; = : (19}

The numerical sclution to the wave diagram is given as Figure 15. The
analytical solution for the path line is exactly ccincident te¢ the

numerical sclution to the resolution of the diagram.

The compatibility relations of the method of characteristics depend or the

mesh and sc approximaticns must be made in computing flow properties. Prior

20



to use of this procedure, the point properties are assumed to vary in a
polynomial fashion along characteristics between the knewn and unknown
pcints. The order of the polynomial variation can be selected according to
the desired accuracy required of the soclutiocn. A method of improving these
inherent approximations is to use a mesh size which is appropriate fcr the
level of accuracy required. The average value of the properties was used
for calculation of the physical characteristics hence the accuracy cf the
mesh is of the order of (4x)3 and (4t)?. For calculatiors of flew
properties on the contact surface average values were alsc used bun
iteration was required hence the maximum accuracy expected, after
convergence, is of the order of (4u)? and (4p)2. The calculation of flcw

Properties at other points is exact.
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CRIGINAS

6. COMPARISON OF COMPUTATIONS WITH EXPERIMENT

6.1 Shock Speed
The predicted shock speeds are up to thirty percent higher than the
measured ones. (All the following experimental resulits are taken from

Paull, Stalker and Stringer, 1988.) This was accounted for in the pitot-

6.2 langley Results

As the acceleration tube pressure is increased the maodel predicts that
unsteady effects, due to the reflected expansion, should arrive earlier.
Blobs are predicted but they arrive very much later than in the usefu) tes-
time and so are not relevant. There is evidence of another ursteady effec-
at the lower acceleration tube pressures possibly due to waves being
reflected from the walls of the tube. The dip noted in the case with the
highest shock tube pressure is due to boundary-layer transition in the

acceleration tube.

The reflected expansion trends compare favourably to reflected shock trends
as determined by wall pressures measurements (Shinr and Miller (13978) .
Hence the reflected head of the expansion predicts the reflected shock

behaviour at least qualitatively.

6.3 U.Q. Argon Driver Results

As the acceleration tube pressure is increased the model predicts that
unsteady effects, due to the reflected expansion, should arrive earlier.
Blobs are not predicted. There is evidence of arotter unsteady effezt at
the lower acceleration tube pressures possibly due to waves being reflec-e:

frem the walls of the tube.

No blobs are predicted for any case with an argen criver. (For ar Sdeas gz:s
the density minimum depends on the ratic of molecular weights and the
temperature ratio across the interface, assuming ri-atcmic dr-iver ans

diatomic test gas).

The absence cf the dip phenomenon can be explained by the fact tra+
boundary layer transition would not be expected fro- Reynclds number

calculaticns based on the acceleraticn tube length of TQ.

6.4 U.Q. Helium Driver Results
Taking the cclumn of results fcor which the acceleraticr tube pressure is

approximately 120 mm it can be seen for lower shock tube pressures the

22



reflected expansion arrives before the blobs while for the higher shock
tube pressures the blobs arrive before the reflected expansion. The blobs
arrive latest for the central case (P] = 13.8 kxPa), while the reflected
expansion arrives latest for the P1 = 101 kPa case. It can alsc be seen
that the blobs tend to produce large scale pitot pressure fluctuatiors

while the reflected expansion causes fluctuations con a smaller scale.

Considering holding shock tube pressure constant while varying the
acceleration tube pressure; an increase in acceleration tube pressure
causes both the blobs and the reflected expansion to arrive earlier. This
agrees with the Langley and argon driver predictions (for the reflected
expansion). These effects can be seen by considering either the top row cr

the bottom row of the array.

(It should be noted that for the case in the extreme upper right corner cf
the array that the expansicn reflected from the driver-test gas interface
is predicted to further interact with the test-acceleration gas interface.
This effect was not included in the model and hence this prediction is less
certain. What is certain is that the reflected expansion arrives very

early.)

€.5 U.C. Air Driver Rasult

There were no blobs predicted for the case with an air driver and altheyu
the reflected expansion is predicted to arrive reasocnably early the
fluctuations are not sufficient to degrade to a se;ious extent the

reiatively long period of test flow found in this case.

¢RIGINAL PAGE IS
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7. CONCLUSIONS
The model developed here explains some of the previously unexplained
features of expansion tube flow tolerably well. It also indicates that tre
two mechanisms considered are pressure independent, except for a small

pressure dependence of the boundary layer entrainment effec: . Therefcre

- ol
produce flcw with the same characteristics. Hence the initial filling
pressure ratios that produce the longest period of test flow can be
obtained. Therefore no additional work is required to determine the bes:

pressure ratios for higher absolute pressure conditions.
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Figure 17 (e): TC weve diagram, arges- F. = 13.7 xr

P.c = 2000 um Hg.
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Figure 18 (c): TQ wave diacram, helium, g = 10:.¢ kPa,

P.c = 30 U7 Hg.
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A. Complete Set of Finite Difference Equations

A.l Non-Dimensionalisation of Variables
The reference conditiosn chosen for the wave diagram are the accelerati:zr
tube length, the diaphragm rupture pressure and the speed cf sound in the

driver gas prior to expansion.

A.2 Equations for Ideal Expansion Tube Flow

Shock Tube Section Flow
References: Stalker (1964}

Liepmann and Roskho (1957)

=27
P - Bz Y. + 1 - (Ye = 1) (A /A.) (Pz/p] - 1) _I yy-1
- . V 2
Poo P N2y, Var. +n o+ D pp/pr - 1)

1)

B _ B2/p.
P:  pi/p:

Y1
I - (B2 %
Ty P4

1+ L1l R

Zl B+ 1 P
oo,k lp

Y+ 1P

W = 2 (B2 _ [&n+1+L-1&]'?
'}'lpl Pi 27’: 2)’: P

Yool
1 - + 1
My = 2 Pa/P1Y 29, .‘/)’42 -1
. - 1 [\pP2/P:

Expansion Tube Section Flow
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Reference: Liepmann and Roskho (1957)
ke
Pz _ P2 r -3 (r. - 1) {Ac/A) (poc/pic = 1) -
” Pop I:l + 3 M; - .\f < -) Y.--
N2y V2h + (% + 1) (p2s/pic - L)J
ps _ p2o/pic
)=} pP2/pPi2
Ts = [E£) %
T; P2
L+ L= 1pas
T2e _ y. + 1 Pt
Tie 1 - Lo e
Y. + 1 PzC
Myy = (B2 [g;;‘ n*l,n-1pg } "7
¢« \Pic = 1) |Pc 27 2¥x P13

2 / « -1
My = 22 /p‘." 2% (1 + ﬁ— M2) -1
¥ - 1 |\P2s/P:c 2

Ao = VRRiT:¢
Az = VNWR:Ts

Uy = Mzoape

Us = Msas
2o . Do Bac
pio  T20 Pic
e . Lips
o) T p;

A.3 Mirels Effect for LlLaminar or Turbulent Boundary Layers

Lamirar

Reference: Mirels (1963)

The acceleration tube flow is laminar for TQ and partly laminar for
Langley. Therefore assume that the maximum separation of the shock and the
contact surface has been reached. This only has a cosmetic effect on the
wave diagram in the acceleration tube region. It does not affect the

results. The effect on the test gas, and blobs, is difficult to determine
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due to the expansion wave thickness and the complex nature of the boundary

layer (see Mirels and Mullen, 1964).

imz2 /1 ? Piy __Poo/pin M. A 2 2 ps P P
L ) ~ s2¢C ( )
2 4B;. ) P2 pro/pio - 2 pP. F:

Mg B, a:ir
p. = 0.001 ar:
6 0.06283
8 0.0220
10 0.0188
12 0.0157
14 0.0129
16 0.0116
18 0.0104
20 0.0094

X
--22--1n (1 - ;M + T,7, nsé—

Ucont -
R L.
(P2s/p-c)1nm

T, =
1
m2
1 L 1 L, s
Hs29 (tsz - ug; E?) -1 Usae (tsz = ::; zf) - 1}
<
In |1 - +
lm2 lm2
1 L
usz2c | ta2 ues L, p.c
+ =0
2 lp; pac

The limiting separation approximation used in the acceleration tube is
given by,

.+
tg = o 1 PR S S
Uszo us; L;

Turbulent

Reference: Mirels (1964) .
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The shock tube flow is turbulent. The Mirels effect alsoc effects the blob
trajectory. The limiting separation is not reached in ths shock tube

length.

BL_p/py (a.i.)‘ (£) o/ (.e-. _ai_)‘* :
L;

P: Ps:
" /Y4R4T4
Mg = ugo
VR T

(p2/p1)° + 1.25(p;/p-) - 0.80
B = B
(p2/p:) Lpa/pyy = 1)

Mg B (mir
p1 = C.5cm Hg)
6 0.0283
8 0.0220
10 0.0188
12 0.0157
14 0.0129
16 0.0116
18 0.0104
20 0.0094
X 5 1 -70 " . .
- - - ——— . + = -
> 8 (ln 11 1 2 arctanT 4T ), n S
X = uzgt
(pZ/pl)lm
1
T = 1,
xo u 175
[ )
3 1n - - ? - 2 arctan X (te 1
[ u 1/5 1, \U; - A;
1+ [ﬁg il ]
1 \U; - A2 J

R ﬁ_-l]“s .o vs2 L+Lh}=o
1. \U; - A; Lp2 21, U, = A; ug; Lp

ctline
U2 - A; usz L;
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A.4 Blob Trajectories including Mirels Effect

N
i
. ——

us:t 3R i-n
(psz;)lm (2+R) ’

N

T n ()T

R = =2

Pmin

1" = mixing front separation from shock wave
Xrm v 1/5
1 [ f (U USZA h 1)}

g m 2 T A2 X v 12
sJ.n 7S -2arctan[JL-4uz——l]
R <= I T EE 1n U2 - A

1n Uz - A

tes = Xgs
U, = A us; L;

A.5 The Unsteady Method of Characteristics

Reference: Ferri (1961)
% 2] : 8
—— —.O
& Uam P
— uég+p5_u O
& el
AS = 0

equation of state
p = PRT
definition of speed of sound for a perfect gas

a? = (%)s = YRT
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l"

physical characteristics

along first family, %? =u+ a

along second family,

—=uy - a

state characteristics

along first family, = A R
. ao du
1 , - gy _
along second family pa 0

Interior Points

X2{uy = & + uz - aj)

-<. i

X-(uy + &a; + u3 + a3)

t; -ty +

2{u; - az) (uy - a3)

2(u; + ai) (u; + ai)

Xy =
3 U; - a&; + u3 - &3 u: + a- + u3 + aj
2{u; - az) (uy - aj3) 2(u; + ap)(uz + aj)
x X + 2to(uy; - az) (u; - a3) 2t-{(uy + a:) (uz + as)
¢ ! 2 Us - & + U3 = a3 U + a: + u3 + a:
3 2(u; - &) (uy - a,) 2{u. + a3){(us + a;)
uz-a2>+U3-a3 u; + a. + u3z + a;
u, + a. a, - a
uy = 1 iy = i
2 y-1
(Y= 1) (uy = up) = a3 + aj
a = 4 t T2

For driver point:

2%

ax
- - e 76-1
P3 P (31)

Ty = a32
B
P3 75

For test gas point:

o
= p [22) %1
Ps3 p: (a;)
_L_i
T3 = a3l
Y%.R

70



R
m-m

T3R;

Expansion Wave Points

e, = O an 1 s 1
c3 T30 ( (U; = Az) arctan (Us = As) ) arctan (u: - a;)
o 2 L - vu
(. + 1l)tan C3 Y + 1
( - 1)U, -
a; = Y. )2( > uy) v a

2K
a-
- .| —-—] -1
P2 P (a)
2

)7

Xy = X
g, = RZEL

g5

Pz‘Pl(

u; + ay
£ - ¢ +§2(U2-az+u3°33) _Xluy + & + uy + oay)
. ! 2 2(u; ~ &) (u3 - a3) 2(u; + a3) (u3 + as)
3 uz-a2+U3-a3_u1+al+U3+a3
2(uz - az) (u3 ~ ai) 2{(u; + a3} (u3 + a3)
x X0 + 2ty (uy - ay) (u; - as) 2t: (U + a-) (uy + a2)
. : 2 Us = a + u3 - as us + 3- + ui + as
3 2(up - @) (u3 - a3)  2(u. + a1) (u3 + ay)
u; - a; +uy - a; Uy + a; + u3z + a,
28
a3
= p- [==] %1
P3 P (31)
R
T, = ay2 LB
T-R;
E?RS
3= TR
3N;

Contact Surface Points (velocities and pressures equal)

(Uj)l = Uy

(Yo - o) (ug ~ ug)
(a3e)y = 2
(@:g)y = (a3zg):
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(u)g + us  f230); - a

(uy)y =

2 Y, -1
( - 1) ({ui) ] = uy) . +-a
(a0 = L 41 . e 4 (33’)2 :
by = t, 4 xlup - ay + (uz) g - (&3e)7-0)  Xelfus)g.. + ug!
(x1) 7 = § 2 2{uy - as) ({(u3)g-: = (a3;)z7-1) 2(u3) ;--us
. up - a; + (u3)sy - (@3e)g-:  (u3bro: * us
2(uy ~ az) ((u3z) -1 - (a3e) -1} 2(u3) r-qug
X - o + 2to(uy; - ay) ((ug);-: - {(a3:)7-1) _ 2ty (u3) -2 ue
: i u; - a; + (u3)g-- - {a3:)r-- (Uz) ;.. + u¢
(t3); =
: 2(u; = az) ((ua) y-; = (a3¢) 7-2) 2(u3) r-qug
u; - ay t(ua) .y - (ae)g-; (uz) -1 + ug

Xq(Ug = 849 + us - as)
2(ug - agg) (us - as)

(x3); = {(t;)z -ty +

(x3) 7{(u3) y-1 + (&) 71+ (u3)g + (83g4) 7-2)
2((uy) -1 * (@) r1-y) ({ua) 1-1 + (a3g)1-1)

o Y4 = asg * us - ac (u)gog + (a)gy + (uzdgy + (azgdgoy |
2(ug - agq) (us - as) 2((uy) -1 + (ay)r-1) ((u3) 11 + (a3g) 1—1)f

2ty (ug ~ a4g) (us - as)
Ug = &4g + Ug - ag

(ty)r = {(X3)I - x5 +

2(t3) 7 ({uy) 7oy + (@1) 7-2) ((u3) 7o + (azg) r-2))
(u) ;-1 + (@1) -1 + (u3d -1 . (&3g)1-: f

{2(114 - agq) (us - ag)  2{{up) 7.1 + (a3)7-3) ({ua)s.o + <a3a):--)}
- -

ug - a4g +t us - &s (uy) r-1 + (ay) -1 + (u3) -y + (23g) -
) ug Vits = (£ D2 + (xs = (x3) 2 + ue ¥ty = () )2 + (x¢ - (x) 1"
u.)r =
; N (tg - t4)2 + (x5 = X4)2
as4 \ﬁt: - (t;);)z + (X3 = (X;)I)z + as ‘\j(tg - (t;)'): + (x: - (x:): -

(a-)r: = =
N Vitg - t)2 + (x5 - x) ¢

pe Vits = (€D 2 + (xs = ()2 + ps Vitg = (£ 702 + (xe - (x))°

V (tg =~ tq)z + (x5 = X.;)z

(pi)r

Psa N its = (t:) ) + (ﬁ_!xl)l)z + p: Nty = (£) )¢ + (xg = (x.1:°

(p)
P V (ts - C4)2 + (x:z - X4)2
) L
(a T -
(p3)I = p, (__:Ln_-.) oS
4t
(P3) 7--
(p3g)r = ._pl_.’_h

(@3q) 1-1°
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Y1 (P3) 13

(P3t) 1 = ————
Ys (@3¢) 143

u(p.a; * (Pyghglasgdy-y)  up{Poa; * (Pae) s(asc) ;)

pr - p2 + 2 >
(us); =
(p-)rla-); + (Pag) la14) 11 . P> + (P3:)r(83.) ;-
2 2
2 2
Uy - up + P1 + P2
pia. + (p3g)r{asg)r-1 pPoa; + (Pie) r{d3c) --;
(p3t: = 2 >

+
pia: + (pPag)rlasg) ;-1 P22 + (Pzr)rlaae) 1-:

-1
i

(P3N >
(ase) = a S wt-EAr N A
3 I 4t ( I )

N
=41

Ll
Le:’_)_L) 2%

(a3g) 1 = a
3g) s 4d(p4

r ER5a2;2
3t =
Nk
Tig = azd’

Blob Point

(x2)1 = Xxg
(X2)2 = X3

(tg = t3) (x2) 7-1 = Xg
X6 — X3

(t2); = + tg

2

) ug Yty = €202 + (x3 = (x5)7-102 + u3 V(te = tg)? + (xe = (xp) ;)
u T =
2 V(te - t3)2 + (xg ~ X3)2

pe Nty - tz)z + (X3 = (XZ)I-])Z + pP3 (te -_t2)2 + (xg = (x3)-.-)%

(pa) -
pals Vite - t)2 + (x6 - x3)?

2((uz2)y - uy)
Y e o ——e——— A
(W) 2R + 1 o
2W; (Wo) 7 ((to) 7 = -
(%) - = 1 ;+ P L. ox
1 (W2) 1
Blckt Expansion Point
-8 + W 1 1 1

L m — - ta + arctan
e: 100 (aICtan(Uz'Az) are n<U5'As) ) (U;-a:)

2 (y: = 1)Uy

u; = +
(. + l)tan c3 n +1
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B CRICIHIL

(B = 1)U - u

3)

a = >

' R
T, - aj2 Lf4
YR:

1

- o (Tt
ok} p1 (TJ"

+ A

3(uz = ug)
Wy = iR + W

+ 1
pP1 *+ p3

1 EL'C‘ +X3(W] +W2)

us2 Lo :

2 W W

Y
at

Fine )

1s)

JUALITY

X3 = W1+W3

1

2 Wy uy - ajs

X3 1 .L_L

t =
3 uz - az ug L

Boundary Conditions

1.
2.

Moving piston - gas remains in contact with piston.

Supersonic outflow through open-ended duct - both families of

characteristics travel in same direction and both exit,

interior points.

Strong shock waves - patch solutions together.

The Pitot Pressure

1
2y PR A S VY
Pi ry+1 y+ 1
Po2 e
(Z_i_l M,z)ra
> 1
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C By CArie W Gouris

PAGE 15
QUALITY

Tha Oretesdy Method of Characterietics

Orivernity a! Juew
It lucis 4082
Quemne ia Austrails

Sep.ampar. 1M
Microsoft BASIC werelos 2.10.00 {Dinary meth)

[ "]

ALIEL PROGRAM AND SIT UF EVENT TRAZPING

¥INDOR CLOSE !

CLLAR
initiallte

DLFINT 1-r : OLFOBL a-* QEFOIL o~

Mer.Seiect = ¢  Men.ites = O

Buttorfreseed = 0 . Lfses WCoAuay = O

WCirny = 0 . TAUIV - 8

L0

e

Laire = 30C 1 jeise = 300 . mas = 5 : 1ferollN= 0 i lSeroilf = 0 : loperfiag = 0 ¢ truakerflag = $ - icirc.ef.ag - | . leapend = 3
-0 : iianqieyflag = O

infof.ag = 0 : 1gridf.ag * 0 : imasnfiag > € : 1Dirty = | | mousefiag = O . lwindowliag = 0 : igemmaf.sg = o - 1pitotpoirt = -
1y

pi e €fTATM(LH)
te. = QOCIOCTIE
PAPL = 04 . plpi0 = 08 : TATL = 00 . L1L2F = O : magfeciort « 1. 1 rhom = O
3if.eq = O : firstinfo = 0
DIn iwaten(1d], icrosehair(])'. igreytd). jeircle{d]1, igrey2i()i. ibar(3} 1namrd(3)i. ideshi{ld . pti:0/ per.ocatioatd(l
OIM Foirtioca($00). Pointiact {$00), Po.ntType(300). Lroint (30C1. JPoirt (3004
RISTORML
[a-1 BESEEIE- £-2 B}
RIAD 1wmatchtil)
EXT L)
SLTTTRION VARPTR (iwaten!Cli
RISTORL |
FOR {1 = 0 TC 1%
RIAC 1crosshasr(il}
wEXT 32
lerosehair 32 = 7 1erosahsirildl; = ¢
ros i1 = C 2C 3
READ icircie(ils
L1 oY
leirele(32) = 7 ; teireie(d)y = 8
fOR 14 = 0 70 )
igreyiti}l = -21930
WLNT s
drev esstee wmll pattars
FOR 11 = G TC)
1dash(i1) =
NEXT 1
FOR 1. = 0 TO D)
RLAD shand (11}
xr a1
iNand(32) = 7 : Lhand (13} =8
se. up info ecrevll bar
PICTURI 0N
draw grey pattern
ros 11 = ¢ 70
igreyt(ily = -J0806
EXT L1
sar(0) = 14 : ihar(l) = %4 : (bar{2) = 46 : earidt = 110
Irame grey paitarn
FILLAEST (VARPTR(ibaridid), (VARPTR(1Qrey2(0}})
FLAMIRECT (VARPTR(ibar{G1))
LIND (94. 01 - (%4, %Oy
s up esrov
MOVEC 102. 2
SALL LTWE (-6, €1 : GALL LINZ (3. 0) : CALL LIWI (C. ) : CALL LTWE {6, O} : CALL LIWE (8. ~d41 : CALL LINL (3. 0) * CALL LTNE (-4, -6
* drev dowr arrow
MOVITC 99, 68
CALL LIWE (C, #) @ CALL LINE (-3, 0) : CALL LINE (6, 6) : CALL LIWEL (6, -6) : QALL LDWE (-2 . Oy CALL LINE {C, -4 - CALL LINL .-& O

191

PICTORL OFT
sero_llars = PICTURLS
PICTORL v
araw scro.i mox
LINE (93, 13) - (109, 3C). 30 wf : LINT (%3, 15) - {109, 20}, . ¥

PITTTRE OFT
fcroliboad = PICTUNLS

watcr eata
JATA 2616, €4, 2014, 2014, 2064 4732, 4212, 4236
OATA S0C4. 4:04. 4104 2064, 2016 2018 2016
DATA 2016 2Ci6. 2016, 2016 ¢ 0194, 0104, 0204
DATA 0104, D164, BI0s. 40BC, 2018, 2016 2016, 2016

BATA €. & 25¢ 236 236, 2% 234, 16276
DATA 286, 256, 256, 236, 2%6. 0, O, O

19, 10
96, 0

WL, 0, € 196, ©

QATA 208C. 108N, 96, C.
hand data

ORTA G, C. €. C, 998, 1200, 4332, 9965

OATA 25398, 17921, 19454, 213192, 17392 16912, 33568, 16370

DATA O. 0. 0. O, 896, 1¥Es. 7936 16128

DATA 32766, 32747, 32768, 3276C. 12752, 32781, 12736, 1631C

DATA *UNSTLASY CRARACTLAISTICS PROGRAM®. “my CAris Gourley®

DATA “Dwps. of Mecharica. Ingineering®. ‘Univarsity of Cueeseland. StL. Lucia®

DATA *Quesnslana 406°, Ausiralla“. “Does datasese fils exast ?°

DATA "Clich OR tc begir

DATA "LXPANIION TUBL IN:TIAL COMIITIONS™, "Deiver Tube (41", “Shock Tube (11°. *Acoel Tube {I0!" °Criver Zas =°. “Test’/Acosl Cas =°

GATA *TLONTILLD SETUP BOX'. “Menrscaie’. "Magnificatien®

DATA “Mew Magnificatior®

2088, 208¢
¢

2080 2080
[

N BATA *FRINT SETUP BOX". "z incremant”, ‘y Lncrssent®, “Magnificatier®. “V°
N DATA “Star:®, “Tiaish”
- DATA “PITOT PLOT SLTUPC
s OATA “Serc.. v~
148

“roint Wummers®
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MmNy 4, 0. O, "Peint*
MU 4. | 0, ‘Contaer.. .°
MEWU 4. 21, 0. “Lxpanreion... -
MW 4, ) 0, *Criver...*
MEWU 4, 4. D, “Test.
MEWU 4. 3. O, "Bisd.
MEWU 4, 6, 0, “BledEmp...*
w4, 7,9, -
MEWC 6. 9. ). "Heeh Iplit-
L1 VA P
MEw. 4. 10, C. TLrase. . . *
MK §, 0. ¢, *into”
MENU 5. . 1. “Diapiey laio"
MW 8. 2, 0, "Get Info. .. "
MENC 6, 0. O, "Boaie*

i, “Copyfiow®
Activele svent hamdling
O DIALOC GOS Diajogfvert
Q¢ MINL COSUD Menulvent
ON BAIAX GOSUT Brsaxlvent
O WOUIL COSTS Mouselvent

ORIGINAL PAGE IS
OF POOR QUALITY

e ‘Curn off any Righlighted menrus
INITCURSOR
MENU OF : DIALOG O

HMATR PROCRAM LIOP

WAILE TRULY « |
WIND

RANDLL LVINTS AIMZ

mervlvens:
DIALOG $TOP
SLTCURSOR YAMPTR (iwateh(0))
Manusaleer « MENV (D)

‘Lndlens loop

IT 1afaflag = | TEEN WOUSE $TOP

W Menulelect GOSUL FileMeny. . Dispiayseny. Pointmmau, Infemanu. Scaleseny. Copymeny
L1 ]
IF infoflag = ) TILM mOUSE OM
DIALOG O mITcURson
RETURN
Dialeglvent:
MENT STOF IT infoflag = 1 TEIN MOUSL STOP

Activity = DIALOG (0}

O Acvivity GOSUJ ButtonPvant. Lastfvent, ACLivEts, GoAway. Mefresh, ReturnZvent. TapLvent

Activity e DIALOG(C)
TNy N
AETURM

Breaklvent :
ibreak = 1 : iDirty = 0
IF infeflag = | THEN GOSTB rindInfol
RETUNN

MouseLvent
IF seuseflag = | TELX RETORN
MINU STOP : DIALCG STOP
MouseClick = MOUIR(O) + o

IT infoflag = | TALN NOUSE ON

N MouseCilck GOSTR
IF mousti(c)
MENU Ow SIALOG Ow
ALTURN

urn,

= -1 TEEN QUIC MouseEvent

BANDLL TAI MEND EVENTS RIRI

FileMeny:
Menuites = MDNO (1)

Cperfile:

Law GOS03 Openfile, Cicsefils,

urn, itien, sitlen. Moussheturn,

Savefils. Printfile, Quit

Seiup datasass literface for storage ¢f INformation aBOul & particular

Quasetry and salution.
QOSUd Drawl.iaiogl
-2, L R MENT 1,
AL TIRN

2,1 MENC 1,

Ciosefiie:
NINDOM CLOSL 3 NIMOOM CLOSE 2
MENU D). 1, 2 MENC D, 2, ©
MINU 3. 08, 2 : MENO 3, 10, 1
MENU 4, : MENG 4, 2, 1

L, 01

HEWO 4,
MW 7,

OPEX P AS 4
FIELD ¢1
§ A3 gamaasiosl
LELT sant = wXISiman)
L3LT saglactors = MNDS (nagtactord;
LILT ScroiiXs « MRIS(iBerolin)
Serell?s « MRIS(13crollt)
gk = MK iag)
1g5 = MRS (tg)
igb.obS = MKDS (xgblob)
tgblant = MIOS(tgbiak)
128 = EDB (g2}
iaxpends = MRIS/iexpend:
Gamaad.ani = MKDS (Qamaarlobi
*OT 4, 1

e . 76
7 A3 mans. 0 NI magfactors.

o

© 8
o

o MEMU

k=1

sar = § i¥erolil « ¢ iseroll? = ¢

WINOGH

3 MIBRT 1, 4, )

CLOSL ¢

I.00 - MENT 4 4. ) - owEWC 4, S, L 6.1 MWD 4,

101

A ScreliXf. 7 AS McroliTH, © AS wgf. § AT o). § A3 xgblodS. B AX tgmiond. B AS tg2f

MNT Y, 0. 0 ;. MENC 4. 1,0 - MEWO 4, 2, O WDNO 4, 3, @ :

PMENT 4, 6, 0 R

iopenfilag = © inmmrfiag = 0

77

ieirclefing « | lexpend = ¢ ilangleyflag = ¢

MINU 4, 3.

3RS lexpe-as

HENT 4

1heat flag = ¢
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infafiag @ C | igridflag = 0 « imeerf.ag = 0 : iDirty = 1 1 mousellag = 0 iwirgowl.ag = O genna’ ag = 0 : ipitoriisg = O - ipiterpuint e

PAP) = D0 1 PIpIC = 02 4 TAT] = Ny Ly

¢ = 0F : maglectord = 1! : rnam = 08
jitiag = 0 firssinfe = 0
wTUN
Savefie:
Save status informetien
cioer #

OPIN T8 AB # LEN = 74
FIELD 41, 72 AS saas. 0 A maglfectarl. 2 A Scro..Xs. 7 AD Scroil?s. 1 Aas ags 9 A3 tgt. 1 A age.obd. 8 AS LghiobS § AS :3lF 7 Al [sepe-rdi
0 A3 gammadleds

L3ZT maal = MRS (mas}
LSTT magfscior$ = MRDS (magfactord)
13T ScrolliXs = MEKIS(18crollX)
LBLT ScrailTs « MRIS(13croilT)
LSIT agh = NIOS(ag)
L3ET Lgh = MDE(LG)
LSIT ageiobs = WKDS (Aghlod)
L3TT tgnioad - MRDS(Lgmiab)
LILT tgll = MXDS(tg2)
1517 ({mxpendd « MRIS (iexpend)
LSTT gammasiabf < MKDS (gemmasl
PUT 41 1

Set file up for point data
<%= 2 3%
OPEN T3 AS #) LIN ~ Y%
FILLO 41, L6 AP gub. 2 AS 18, 2 AT S5 R AN x5 0 AN TS S AS ul. 6 AS s O AS b, 0 AS TTH D AS rhod -

RITURN
Printfile
IF iafoflag = 1 TADM WINDOM CLOMT 2
CALL BIOTPEN : LINE (0. Oy - {3C7. 2@ »

PICTURL OFT . lmsage$ = PICTURLS PICTURL Om  CALL JBCRIPEN
Dras boax Lo LApUl eCALiNg Lnformatier

iRz * 30 : 1T? = 10 : pp e ]
SINDOM 4. . ()16, 8G) - {396, 1
RESTORE 20C : TEXTFACE (1)

ALAD stf : WOVTITC (1244 - LEW(as$ *0 7020 3C . PRINT asd

-7

BUTTON §, . TORT, (326, &) - {274 %,

B5IT FILLD 1. STRS(ixx), 1S, €0} - 143, 3%, . 2

ALAC el : WOVITO 30. $1 1 PRINT ac$

OIT FITLD 2. STRSULTT), (8. 601 - 143, 75,. , 2

ALAZ mr$ . WOVETC 30, 72 : PRINT ar$

RLAD ass : MOVETO 1404 + (1400 - LDijerbi*® 41720, 52 : PRINT eef : EDIT FIELD 3. STRA(xe°10<:. (190. $&) - {138, 3. . 12
ALAD e : MOVETO 240, 11 @ PRINT ass ,

LINE (3, 34) - {275, 24) 1 LINE (14D 24} - 0142, 108

£0:7 FIpid !

B s DIALOG (0] : TWITCURSORM : tapfieid = )

MAILL 1 © ) AND 3 <> §
Ir s = 7 TERN IT tabfield « 3 TEDN tabf.eid = taBfie.d + | Li3L canfiald = |
Ir 2 = 7 TAEW EDIT FILLD tanfie.d
1 = DIALCEG (0}

]
3

AR ® VAL(EDITS (1))

ATT o VAL(EDITH(2))

£ YAL({ECITH(D)) /100
WINDOM CLOSL 4 : ibreak = 0
N LAROR QOTO Lrrorfia

10¢ IF ibreak = O TREN OPELN “LPTI:PROMPT" POR CUTIUT AS 2 1 BETCURIOR VARPTR ({eatch(C)) | WINDOW OQUTPTUT 42 : PICTURL (0 « ima, O « 1TT! - (330
1ax)*se. (3180 + LTT)I*13). lmages
Printlng:
e LARCR GOTO O
CLOST 02
IF snfofiag = | TRER WINOOW 2 . QO%0B Tindinfol
AL TURN

IF Lepenflag = O THEN RESIT : MEND REJET IYITEM
Save szarus informatien

o8t

CPEN TS AS ¢ 1IN = 6

FIELD #1. 2 AS saxs. 8 Al magfacior$, 2 AS ScrollXS, 2 AJ BerollTs, ¢ AS wgs. & AS tgs. ¥ AS aghiobf. % AS tgmiodbs. 8 A3 tq25, 2 AS iexperas
A3 gummabiohs

LEL? mass = MRI$ (nan}

LSET magfactors = MROS (magfactor )

LSET 3crollX$s = MKI$ (1ScrollX)

LSIT ScrollTs = MuIf(i%eroll?)

LIET =@S = MRS (ag)

LIZT tQb = MODS(Lg)

LSIT aghlobd = MKDS(aghlas)

L3IT tghiobs = MEDS(tghlod)

LSIT tgis = MKDS (1g2)

w=rT xpands = WIS (1expand)
LSIT gammad.abl = MEDI (gEmmad;ab)
PCT 4L, L
RLILT
MIN. RLSET
SYSTIM

Siep LayMenu:

Henultem = MDNT(1}
O Manuitae GOSUS MaehDisplsy, TablaDdisp.ay. Gr:dDispley. . WumberD:splay . CircieDisp.ay . Pltatdisplay
RETUMN

MesrCioplay:
MING T B, L MENG 3, 1, 7 : MENT 3.7 § o MINCG 4. 8, 1 . WEWC 6. S,
TEEW MENU ), 4. 7 LLSL MINL DL 4. L
IF inumps. LOTEEN M@WU 3. &, 2 LLSL MINU D, 6. )
IF tcirclef.ag = i TEEW MIWC 3. B 2 ELSE MINL 3. B 1
s : GOSUS hePlot
IT infeflag = | TREON 1Dirty = O SR RN S 4 WINDOM I, °°, (400, 280 - (51C. J4¢;, ] : QCETD findlnioc
RETURN

Tan.ecispley
riCTURL OoFF
MENU 7 0. 0 : MENC 3, 1
MINC D, 4 6 MINU DL 6.
T

0 MU 6 C O
¢ CL3 o111l e 11 : GOSTD Drawlemie

EA
ow
-
a
-
°

GridZiapiay:
I igridfiag = 0 TAIN igridfleg + | - MIN ). 4, 7 : COSTB Grid : ALTUW
IF igridfieg o : TEDN igridfisg « ¢ : MEN ), 4, | : CLS : QOSUY RePlet2 : ALTURN

Wuape:Cispiay:
If inumberfiag = 0 TEEN inumbercfiag = | @ MINC 3, ¢, 3 @ GOSUD Showmumamr : RETOMN
i \numberfiag = ! TEILN inumberfiag = © [ 1O PR N cLs GOS0 he? lot? AITURN

Circlelieplay:

IF icircleflag « O THEN icirclefisg = & MWL 3. B, 1 MENL 4, C. ) N S, 0, 1 : GOSTY RePlot? u‘imu
IF icitclaflag = . TALW icircleflag = ¢ MEXD 3, b ) MENU 4, 6, O MEML 3, 0, C : €3 . GOEJYD RePlot
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AITURR

Pitotliapiay
WINL 3. 1. 0 ¢ MENU D, 2. 0 : MENC D, 4, O MDRU D, 4. 0 : MENG D, . O ¢ WENU 3, 10, ©
MENU 4, 1. 0« NENU 4, 2, 0 . MENU 4, 3. O . NENU 4. 4. 0 ) WEWU 4. 100 0 MENU A, 4, 0, MEWC (. 8 © . MDRU 4. 0. C
MERU 3. 1, 0 WERU B, 2, 0 ) MEWU 6. ), 0 ;s MERUV . 1, O ; MENL T, 1, D
If infoflag = | THER WCRSL OFF
sousefing = 1 | pItOLPRIAL = | : QOTUB DrawWindewd | 1pitetfiag = | 1 WINDOW cLose 2
BTURN
PoiniMeny:
mrultes = KENU(1) .
Or Meny.tee GUSUD ConlactPoint. TapPair:. InterierPaintd. interiorfointt. Blab. Dloblapandior Mearsp.it. . LrasePoirt
TV
Contacilaint:

irewflagec = !
IT intoflag = 1 TRIN ™MCUSL OFT . wINDOW ]
souseflag = 1 1stopflag = ¢
SITCUREOR VARFTR{icrosahair(0)) : QOSUD Belectéoentact : IT Lhreak = | TRAEN GOTO PointCins
SITCURIOR VARF TR {lwatch(0))
3 =112
GOIUS FindPointl : GOSUB FinePointt QOIUS TindPointét | GOIOD FiadPointdd
iritis) guess at properties
wl e e
alt « (gamBal - 14)°(ud - N2:/28 « a2
ald = adt -
Nie () ¢ ) 2 e (add - adi/igammed - 1))
al o (gammad - 11)1%(ud - udi/d- + (add + ad) /2
iterste for positior and propertise of contact surface point
Lontactlonp:
M0 = ud
ajtd = ad
a)el - oldd
QosUd Contact
ABT {ul0 - ul}/ulD < tol AND ABS(alt? - &Jt)/adtl ¢ tol AND ADE(alel - #3d)/aldC < tol TEEN GO0 Cantactlaics LLSE GOTC Contactloop
Contastlales:
calculate GBALACT POIAL remelning properties
T = (a3t°2) ' (gAmBAd e} / (gamma.tR])
TII4 = ad4*2
save point properties
IF srewflage = 0 TEEN max = max - |
IF t1 > w5 TEEM BRLY : BLI} . GOTO PolntCImd
a) = a3t : TTI @ TTIL : rhed = rhedt L~ dan 4 2 | J = 112 : Gridt = “Contacet®
GOSUN Sawelfoint | QOSUS Drawboint
Pointlosa{mas} = 1) : Polntloct (max) = t] : PointType{max) = 2 - LPoint (mani = 3 : JPolntimas) = 3
a) = add : TTI « TTI4 : rhel = rhodd : i wsas ¢ 2 ) = san : Gridé = “Cantactsé*
WP sawbPorint
Polntiacz(mas) = &) : Peirtloct(maz! = t) 1 PointType (mam) 1] : iPloint (max) « i : jJPoint(mas) = 3
QOITS Drawkach
S0$US DravContact
QOSUR Rename)
IF 1rewflage ©> O THDX GET 41, 115 : 33 - man ¢ 1 ¢ LAET 36 = MRIS(IN : POT 41, 119 ¢ jPoint(i1l) = mas « I
Grids$ = “Intariary”
QO30 Saveleint
GOSUS Drewleint
Pointlosaiman) = a3 | Pointloct(mani = tJ : PointTypeiman) o 4 : (Pointiman; « § jPoint (max) = 3
tointlling:
IT infoflag = | TARM (Dirty « C : GOSUB Findinfel
souseflag = 0 1 THITCUMABOM : inewflagu = ©
RETORN

LapPeint :

17 infoflag = 1 TAEN WCOSE OFY : WINDO® )

souseflag * | : Latopflag * € : leapendl = 0 : igamsafiag = O -

JLTCURSOM VARPTR(1creeshair(f)) : GOSUN belesttapansien : IT ibrear = ) TREN GOTO PeintIlnd

SEICORSOR VARPTR {iwatch(0))

L= 11 : SOSUS FindPeint)

If Laxpand = ¢ TEEN axzpangle = - (ATW{14/{uul - aa2}} - ATW {1/ {ued - an3})) ‘expangle/1004 « ATM(10/(ul - al)}

IF Lazpsmd = 0 THEW IT ampangle < ATW(1¢/{usS - asd}) TRES empangie =~ ATH(14/{uu$ - aa$)) : BLZP : jespend: = )

IT texpend = ¢ THEN GridS = °Lapanrsisn® : GOSUD Lapaasien : GOSUB Interier LLST Grids = °fxpansior® : ul = uud : a2 = aal : GOSUR interiar

IT lexpend = O THEN X2 ~ 08 : t2 = L1L2¢/us2 B19E RJ ® al o axpangle/l00¢ T2 » (X2 - mlN/(ul o al} ¢t}

2 @ ] - t2 ¢ E20{u2 - a2 o ul - &I}/ {20°0u2 - 82)°(u) - aY)} - Aie(ul ¢ &l ¢ ud o ABI/44%tul ¢ 81)TIWD - ad))) (e - a2 o ud -
031 /1267 (2 - a21¢{wd - 82)) - (u) ¢ &) ¢ WD ¢ AII/(RO°(ul o A1)V (uD < ad}})

Yoo (Al - A2 ¢ T2°200(02 - a2)°(u) - A3)/ (U2 - a2 ¢ ud - &) - LITPC(ul o+ AIYS{UD ¢ WII/(ul v Al ¢ ul e 8310 /(2044u2 - @21%1ud - ad)iiu2 -
a2 + wd - adt - 2é%tul ¢ alic{ud o wd1/(ul ¢ &l e ud + ad))

Pointlocxisaa + 1} = a) : Perstloct(mas + 1) = tJ : PeintPypetman + 1) = ! : 1Point (max «
ILSL Jrointiman ¢+ 1) = -2

IT lexpend = 0 TREN 3 = -1 ELIT 5 = -2

GOSUR Caleulatiens

1 iexpand? = | TAEW iespend = |

Paintiing:

IF infoflag = | TREN 1Dirty = 0 : GOSUD Findlnfol

wousefiag = 0 : MMITCURSOM

AZTURN

=1 IT lexpend e © TAIX jPoln:t (maa « 1 = -

tntesiorPointd
igmasflag = 1 : GOTO Mewintarijer
lrzar.iorPointe:
igmaafiag = O
Wewintarier:
IT infoflag = | THEM WOUSL OFT : WINDOW )
woveellag = 1 istepllag = 0
IF Laeshfiag = 1 TEEN QOTC intarior?
Lrewl.ag: = 3
SEICURION VARPTR{icrosshair(0)}) : QUST) Seisctinterior : If ibreax = | TEIN PointiiLng
SLTCURSON VAAPTE (awatchil!)
L il : oy e 312
GOIUB FindPolntl : GOSJ Findroint?
Grisd < “Interier® : GOSUR Interior
&) e (tl - t2 ¢ A2tul - a7 ¢+ ul - &)}/ (20°(u2 - @2)QWd - Ad}l - RIG(N) 4 al e ud e LEINAEI AT SERY 'S BUSN'S YRRWARITY INT SRR
A31/4200 (02 - a21%(u) - adl) - (ul e al ¢ u) « A/ (20%tul ¢ s1)C{ud « ad))}
©) = fAD - A2 ¢ R2020%{ul - a2}t (ul - ad)/ (U2 ~ &2 ¢ ul - Ad) - TIC24C{ul + al)t(ud a2)/tul » al o wd v a3/ 20%0u2 - a21%1ud - ad:i/ia2 -
82 + W - a3 - 200 (ul v al)t{u) + @i/ vl v 8l ¢ B3 ¢ &3}
Q08$7¥ Calculations
Pointlocx (mas) = a3 : Pointiect (max) = t) : PointType(mmal = O : (Foini(maa) = 1 : JPoint(max) ~ %
Point!itag: .
IF infoflag = 1 TEEM 1dirty = ¢ : GOSUB Findinfol
sculeflag = 0 : IWITCOREOR : inewfiag: = 0O
AETURM
isterior?:
SETCORIOR VARPTN (jcrosshair(Cl) : SOSUD selectintarior : IFf ibread = | TEEV QOTC Pointl2tnd
¢ = 11l : JOI0B TindPouint: -
IF PointTypeii) = 7 O PointPype(i) = I OR PointTypeill = 1! TADN SELPF : JELY - SOTC Polntidim
Ox1 = 490¢¢(alcmagiocrort » L1L26:/(18 « LIL24) « 140 + iBerallx
st @ )ide¢ » 1BerollT - 4904°c!magfacroréctatreteh (4 ¢ L1L29)
3 = 112 : QOS0¥ FindPoint?
IF tointType()i = 2 M PointType(i! = 10 ON PointType(}) = 11 TRIN BLL? : BLEP : GOTO Pointiling
"ml = (al*magfactard + LiL2#)/41¢ « L1L24) + 14% + 13crollX
stl = 3140 o 13crell? - 490#°L2'magfactorécterraten/ {14 ¢ L1L2HY
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itimer = 0 « SETCURSOR VARPTR {feirgiem(0)) + WEMU OFF : GO4US Belectdpiit : LIFL (1 U1} - (sxi, etl). 3] | SETCURSOR VAAPTE (iwatch (O
NDXU W ¢ 17 ibreax o | TEEZN QOUTO Meendplit
QOSUS Averege : A3 * Axad : L) = iité | QOSUI Renamber ¢ OUTF Drewfoint
PointLoss imas) = a3 1 Polntlect (mes) e t} | 1POiAL (maai = i 1 Jfoint(maxi = }
Poistiitng:
I infeflag = ) THER IDirty = 0 . GOSUD Findlnfol
[ fls 0 1 MITCURICE
QOTO MeshSpl it
Yo
17 infeflag = } TAIN MCUSE OFY : WIWOOW )
ssusefleg « | : istopflag * O
SLTCURSOR VAAPTR[icrosshairi0il - GOSUD Selectdiab 1 IF Lbrear = | THER GOTC Biodlinisr
SETCURIOR VARPTR (jwateh(C)l = 1 = 31}
@OBUD FindPolntl | GOBUB TindPoinil : GOSUR FindPointé
inoblab = 0
arT 1, 115 o IF gg = ‘lestact: " TADY QOAUD Makedlod ILIL rhoa = P! W = 8] | inon.ob = I
IT Lrobios = O TEEN QOTO B.obfinlen
slewarl = x6 : supperl = x3 : 1flag = 2
vl e (th - t)it(xioweri - mé1/(x$ - ad) o t6
42 = (BOR((LD - €21°2 ¢ (a) - tlowerl)“21°us ¢ BGR((L - TI1°2 + (a8 - alowerli®21 ' /BQRILE - 23102 .tk - wd) T
thol = (SORTILY - t21°7 » (ad - tiowerl]*2)*zhof o JQRIILE - £21°27 + (mé - tiower.i 2itrned /BQRITLE - €317 - iab - a3l
IF rhom > 10 TREN W2 = (ul + v1)/2¢ ELIT W2 o (u2 - ul1*(34/ (24 cham » 1410« W
allowsr = (t2 - tl1y*1 W1/(W + W2t o+ m) - Rlewar)
t? = (té - ) tupper: - k6i/(ab - al) ¢ t§
o2 = (BQRCILY - 121°2 + (AD - Fupperl)<2icué + SQRI{LE - L2147 » (26 - eupperll*2i°u))/BQR(1é - LD172 . ial - 23172
rRo? o (3QR(IT3 - t2:72 + {a) - Tupperil‘Zicrhoé + SQR{ILE - L1 "7 ¢ (m& - wupper!ic1itrhodl SQRIILE - LIt o ias - A3 .
tho? = [3QR((L) = L2172 « (ad - qupperi}“D)*TTé « BAA([t6 - t11°2 + a6 - supperi) ‘1 TR /SAR LS - t1ITT o+ (mb - [S T
I7 rhos » 18 TEEK W2 o (ul s ul)/3# ELSL W2 = (u2 - uljt (D4 (Zévrhem ¢ 4} - W
AJupper = (L2 - UIIT20CWICN2/ (M) o M2: o &) - tupper)
I7 a2iowsr*z2upper > 04 TRLN BLLY : BLLF : BEEP : QUTO Jloafinisn
CALL sercinisioweri, tupperl. toi. ifisg, ¥ 1 &2 =%
t2 = (v6 - tIIO(R2 - mér/iab - mI e th
42 = (SOM((LD - €21°2 + (ad = &Z}-2i°u6 o BQRUILE = T2)°2 + (A6 - AZI"2:*u)| (BQRA(t6 - tD1 "2 « (aé - x3) 7T
thel = (BQRIIL] - t2:°2 o (R - a2}°2)°rmof « BARL(LE - L21*3 o (K6 - R2i“21°rhed) (SQRIILE - tD)*2 + (=6 - a2y
IF zhom > 14 TEEM W2 = (uZ + uil/2¢ LLSE W2 = iud - vl)* O34/ (20*rham « 1ki+ » W
pl = rholtALTTL
asa * SQRUIED - tI1°2 « (md - &1°N
Bob = KR{(LI - L6127 + (xR - 2612}
pl o (ass’pt ¢ BB 1/ (asa * BAD)
fhom = (zhom‘rnoi/rneli® (p2/pi)* (it ganmablon)
GOSUD hmnamed : Griés = ‘Blod”
GOS0I Baveloint
Pointlecs(aax} = al @ Pointloctimax) = t2
PointType(sasl = &
1Point (man) = 11}
Point tmaa) « 11)
QOSUB Drawboint
acIUD Draviiah
BlobFinleh:
:F iafofiag = ! TRIN iDirty = 0 : GOSUD rindinfe2
msousefiag = 0 : INITCURSOR
ALTURS
MaxeRlob:
BLLF : BRXP : BELP : RIYORR
find deneity siniaum
aphlas = T¢
i1 = 1] 1 GOSUB TindPoint
talphs = opelob*Rl*TTi
alphasinl = -Balpha/salpha
aiphamin? - (balpha/salphai®? - Balphs‘daiphe/iaalphs’calpha) - Balphafaipha’ (aAipha-esipha) ¢+ dalpha’falpra/ (caipha‘ealpha)
IT siphamin2 < 04 TADN [T rha < rhol TEIN rhom = tho : GOTC Clessmare L.iL BEIP ¢ BELP : BRLP : RETURN ZLST RIN
slphamis = siphasini - BQR (S1pAABiAZ) N
IT siphamin < 07 OR aiphamis > 14 TEDN alphamin * eiphamial + BOR{alphasinli
17 slphasin < 00 OF alphamin > 1f TRDN IT rho < rhel TEIN rhaw « rhe : GOTC Closemaxe LLSE WEZ? : BLL? : BLE? : RITORX LLSL LM
Them o Ratpe (St - apaiobehl) *elphamin + @PRLERCRI)/({(Re < B1) ‘alpnamin = R11C1EECNACTT - cpe.iob iRl TTII'alphamin ¢ CPBIOR'RI‘T
IT rhee » rhel TEEX If rhc > rhol TAIX BCEP : BEEP : BEZP : AETORN BLSL rnom = rho @ GOTO Closedaxe LI 13-
IT thom < rhol TELK If rho < rhom TADN Ches * Fhe ,
Cloeamake:
rhas = rhos/thai
w - ul
inoklad = 1
RITORN

BlasExpansisn:
If infoflag = ! TRIX WCUSL OFF uINDOw 3
mousefleg * | : istopflag « 0
SLTCTRECR VARPTR [icrosshaisiC)) : GOS0 selectlupansion : IT ibresx « 1 PREN GOTO PoirtBling
SETCTRION VAR TR {twaten (01
: = 41 : GOSUD FindPaint. : rhem « pl : Wl e al
al = SQCR{TTI'ganaatl L./ |guama 41
expangie = - (AT (1#/{us2 - aall) - ATM(14/{uns - amdl) ) expangin/100¢ « ATV 147 {al - &i})
jescapatiag = O

Ir empangle < AZTW{i#/{uvs} - aall} TADN espangle = AT {14/{vs} - asd;) - iescapefiag = 1
Grigé = “Jies”
wl = /00 8l + 101 *TAN (expanglel) ¢+ igamma. - 1Wiwu2/ lgEmaal ¢ 10 + 2¢°aal/(gammal ¢ 1]

a) = (gmamal - 11¢(weZ - ud)/2¢ ¢ sa2
T = a)lgamaed R4/ (gusmalthl}
rhs) = Thel® (TTI/TTIIC (1#/ (QEmmal - 18))

If thom > 14 THES MO = (ul + ul)/2¢ LLSE W3 = 34v(W - [NTRR 1Y

W) = (LiL24/us2 - tl ¢ RIS(WD o WO} (2P°WIOMI) )/ (ML & - 14/1{u3 - &I

t3 = 23/ (ud - ad) ¢ LiLI#/us2

pl = rheitRI*TTI/RA

Pl « £hOITRLTPTI/R

Thom + (rhamsrhel/held1® (pirpllt(ld/ gammablol)

al = N1 : p} = rhos L= 11 geas o a2 ead el =l

aoSUN Savelolnt

Fointiocs(masl = x} @ Pointloctimax;  t)

PointType (maxi = § 1Point (max) = ) PoLnt imax) = 3

oS : @OSTH Drawdios

IT iescapefilag = ! THIN GOSUY Blaslscaps

FoLneSLInd:

If Lnfoflag = | TRD¥ iDirty = ¢ : QO30S Timdlnfe?

sousellag = 0 : INITCIASOR

RETUIN
MeanIp.it: .

IF L-unf‘..q-.'rnnun.n.q-u S WENT 4, 0. ] owENG 4 1) Mwc 4, 2.1 [ - 1N IS PR [ 2 S P PN - I L RETURN

IF imeshfiag = C SKEN imeshfiag * 1 : MENU 4. 8. 2 KENU 4. 1.0 WENT 4, 200 c MENU €, 5. 0 . MEWL 4. & § ; WDNU 4. 13, 0 AITURM
TrasaPoint:

GOIUB locatelrase : T Lbresl = i TREW GOTO KPointlnd

IT 11 <= 7 THLN BEE» : 3LfP : QOTO Lloiniind

Grids$ = “Blanx”
LIET ggb = Grids : PUT 0). 32
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Cari DAGE 1S

PN

P
e e

17 L1 = was TREN mar = san -¥ OE F‘OOR QUAL!TY

PointType(al} = §
C18 : QOSUD Rellet
LPointing:
If infelfisg = ) THDN 1Dirty = ¢ | GoOguUs Tirdinte
moyseflesg =~ O
RETUMS

Infommny:
Manyites = MENU(})
N Wenvites QOSUD Displaylnfo. Gelinfo
A TUAN

Dieplayinfe:
IF infoflag = 1 TRIM infolflag = 0 - swr 3, 1.1 2 WEWU 5, 2, ¢ 1 wINDON CLOSL 2 : WINCOW ] : mXST OFF KLsC irfollag = . : MENC S
MENU 5, 2, ) . OOIUD JrawinfoBos
AETUMS

Catinfo:
QO3Y1 locstsinfe
ALTURN

Sca.emeny:
Menuites = MENU( L)
O Menultes GOSUB Soom. BcrollScreer

RETURN
toom:
draw 418109 wox Lo enter nes magrificatien

MINDOW 1. . (186. 1J0) - (324, 1%, .2
RESTORE & : CALL PEXTSIRL(}2) - CaLy TLOTACL (0] : CALL TEXYPOWT (1)
READ 283 : WOVETO {1400 - LIN(885)°8.7)/24, 36 | PRINT as$
BUTTOM ). 1, OR*. (94, I - (13¢. 4Ty
EDIT FIELD 1. #YLS (magfacrordl. (4, LTI L TP L PR |
OIALGG OFF : &+ = DLALOG(®) : IN!TCURSOR

toam?;
WBILE 3 © | AND 3 <> 6 @ 1 ® DIALOG(0) B4 -
sagfactors = VAL(ZCITI(11) : IF magfactort < 14 TEDN BELP : GO tace?
SITCIRIOR VAMPTR (1waten (Q))
#INDOM CLOSE |
cLs
GOSUY Reflot
DIALOC om
RETURN

Scro.lscreen:

WINDOW i, *t, (i8¢, 130) - (32, 19y, -2
ALSTORL 3000 & CALL TEXTSISR(12) : CALL TEXITACE (01 : CALL TENTTOMT (1
RLAD a8 : MOVETO (1404 - LEN i83$1°6.71/24. 20 : PRINT ass
BOTTOR 1, 1. “CK°, (%4, 12} - (134, o)
EBIT FIELD 1. *10°, (14, 31 - 94, 4%, , 2
DIALOC OFT : 3 = DIALOG(O) : INITCURBOR

feroll2:
-Iutolml()l:l-D[M(D)tm
ifiretdernll = CMIN\L(IDITI(IHIIGOOI'ln.'wfleurlllu * LIL2Y)
If ifirswBerell < 0 TEDN GOTO Scroll?
WINDON CLOSET 1
DIALOGS Om

ScrollScremnt:

GOSTS lessteserull
I7 ihteal = | TALN GOTO Screlllcrwenknd
GOSUS Qetsuroll
Q1 ; QOUSUS Meflot
GUTC terellsarenn?
Scrollservantng: -
If infoflag = | TREN GOSUB Findinfol
msuseliag = o
ITCURICR
RETURN

CopyMany :
Menultem o WEND(1}
G Merultss GOSON CopyTlow
AETORN

CopyFlow:
CALL RIDIPER : LIBL {0, 0) - (308, 318). , »
PICTURZ OFF . lmage$ = PICTOALS
GPDM "CLIP(PICTOAE" FOR OOTPUT A3 7 : SETCURSOR VANPTE (iwatoh{Ci) : PAINT 42, PICTORLS
Qosr 912
PICTUL QW : CALL SECMPEX : PICTOML, lmages : LINL (G, O} - (308, 318), 30, »
AZIURN

RATLL TEL VARIOUS OLALOC EVENTS

suttonlvant:
DuttonPraeesd « DIALCG (1)
IF MIMDOM(G) = | ANT ButtonPressed = | PEEW BOTTON 1, 2 : BOTION 2, | : ek e - ALTURR
IT NTWOOW{0) = 1 AND -7?Blmﬂl.llml.1:-l-'y' AZTURN
17 WINDOM(O) = | AMD Buttensresssd = 3 TELN GOTO CleseMindew)
17 BINDOW(G) = 2 AND ButtenPressesd = | TERN Q0ITH IaDate : IF 13flag = | TALN GOTO Closew L 1]
IF WINDOW(C) = 3 AND Buttoalresses = ] THEN BUTTOM 2, 2 : BOTTON 3, ) : ilangieyflag = 0 : RETSLN
IF WINDON(D) = 2 M = 1 TEEF WTTN 3, l:ml.!:x}uqllyllu-l:m -
17 WINDOM(O) o 7 AND toAFressed - 4 TEER IF i{nestflag = 1 TREN iheatflag =« © : TION 4. ! ST Lheatflag « ! . BOTTON 4, I p.sT Rp~
IF WINDOM(D) « 4 AND ButienPresses = 1 TELF ipitetpalnt « 1 : BUTION I, 2 : SOTYOM 2, 1 : KT ), ! o4, ]
IT MTROON(0) = 4 AND Duttonlresses = 2 TEEY ipitotpeint e 2 : BUTTOM i, | I 2, 2 : NOTM™ 3, | N4
IF WIMDOM{d] « 4 AN « 3 TN 1pitotpoint = 3 : BOTIQN I, 1 TIN 2, 1 : W™ 3, 2 LR
IT MINDOB(0} = 4 AND ButtonPresses = ¢ TEEN ipicotpeint = 4 : BITTON 1. | . BUTTON 1. 1 : SCTTON 3, .“ 2
IF WINOOW(C) = 4 ANC Buttanfressed = 5 TEEN QOTO Orawritot
I MINOOW(0) « 4 AND Buttantresved = § TEEN GOTO Close:ndowd
ALTTRN
EditZvent:
IT WINDOM{0) « 7 TREN & = DIALOG(Z! : EDIT FILLO K ¢ 3 = N : 1 = 0 : GOTO lnDaza
R2TORN
Activate:
IF ipitetflag = I TRDN WINCOW 3 : GOSOD Meficture : SETCURIOR VAAPTR {1crosshair(0)) : GOTC le.octtiton
ALTURS
CoAvey:
- DIALSC (4) -
17 WColway = 4 TEEN QUTO Close¥)ndowd

AZTURN

iWOirty = DIALCG (3) -

IF ity = 1 mEM IT WOIrey = ) TRIN SETCURSOR VALPTR (twaten(0)) QOSUI NePicture -
IF idirty = | TRIN IT iWDirvy « 2 THEN SETCURICR VARPTR (1watch(0)) | GOS0P Me?icture : QOITH Findinfo?
ibirey = | : INITCORSOR
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Raturntvent
I7 ®TRDOMIO) & ANO ivindeuwflag = 0 TEIN QUTIC Clese®irdow!
I7 WIWDOM(0) = 1 YALW JDSUD Intwts ¢ If 33flag = | TEEM OUTO Clasedindou]

T
Tablvent
IF SINJOWI0) = 7 TREE 3 e W ¢
17 WINOOW(O) e 7 TEIN IF 3 = 7 TEEN EDIT FILMD 1 1 1 =} - k | GOTO Indeta
IF WINDOW{O} = J TELX EDIT FIELD § + 1 t 4 » : » | 1 QO !nbata
(T3, ]

BANCLL TED VARIOUS WOUIL LVINTS

MousePonition:
WINDOM OCTPUT 2
fird mouse positlon L[ on scroll Bar and scroll window ? seamrdingly
aax « MOCIE( PRI e MORSE (1] 1 MouseSus - O
IF axs > 94 AND ttt <« 14 TAIN WMouselud = !
IF maa > %4 AND :tt > 14 AND ttt « &6 TADX MoupeSub - ?
IF xam > 94 NMD 1t > &6 TEEN mou
IT maussSub « ¢ TEDY WINDOW QUTPUT 4 |« RITUMN
O Mo.sesud GOSVE OpArrow. GreyArea. DownArrow
dr sereil bar with ecrol. boa at appropriets pesition
PICTORL. Sero.libart
ATT - Wt atep - 1) /100
PICTURL (0, i7TT1. Screllbaas
¥IWDOM OCTPUT )
AL TURN

MouseRaturn
AETURN

UpArros:
IF 1wep - i TEDN GOSTUY Printinfo : RETURM LLSL itep = itop - |
QOSTY Prirtinte
RETURN

GreyArea:
IF vtz > 17T « 14 AND ttt < 17T + 29 TRIN QOSCH Drag : GOSUB Primtinfo ATOAN
IF ttt ¢ 1TT « 14 TRIM IF itop < 3 THALNF itop = | ELSI itop « jtap - 4 ELSL REM
1P wtt > 1TT ¢ 39 TREM IT itop > 7 TREN itop = & LLIL itap = itep ¢ 4 LLSL AIM
QUSVB Printlinfe

ALTCRN
Drag:
ittald = 177
PRNNIRMAL . FEWMCIL 10
WAILL MouseCllick < §
MOVETO $3, 17T ¢ 15 : CALL LIWE {14, 0) : GALL LINE {8, 15) : CALL LIWE ¢-14, 0) : CALL LINZ (G, -13)
MouseClick = MCUSLIO) + 4
CliekX » WCOSL{S) : Clickt = WORSL($]
IT Cliext < 30 TEDN Cliekt =32
IF Clickt > 30 THEN Clicht « 36
MOVETO 93, 1TT o 13 5 CALL LIWE {14, 0) : CALL LTWE (6. 13} & CALL LIWE (14, 8) : CALL LINE (0. -:%1
it e Cliekt - 22
2]
et ¥
P ClickX < $4 THEM iT? = itteld : AETURX
17T - Claext - 12
itop = IWT{LITT /34 1)
LT
DownAs row;

If itep = 6 TEDN GOSOM Printinfe - AETORN TST iuop = 1top + |
GOIT Printinfe
2TOM

LINE (0. 1% - (93, 8C1, 0. Bf
istart = 1% : Lpos = 0
O itop QOO Printl, Printl. Printd, Priatd, Primes, Primté

Prantic

ipoe = lpos ¢+ ilstart ¢« 1} : MOVITO 5, lpos : PAINT ° FIAD (40}
Prane2

ipos = Llpos + istart + 13 : MOVETO §, Lpos : PRIWT PTAS (&
Prined:

ipos ¢+ jstart ¢ 1) : as * & : GOBCUD Sherter : MOVETO 3. ipos

1pos + istart ¢ 1) =t : GOBUD Shorter @ MOVETC 5, ipos : PRINT "t°. PTAB(48: "« esh : iotart = C : IF

e TT : GOICS Shertar . MOVITO §. (pos : PRINT “TT°: FIAR 41
erho : GOSUD Shartar : MOVETIC &, ipos : PRAINT "fho®. PTAB (LS

1pos « iscart + 13 as = u : GONUB Ihorres . MOVITC 8, ipos : PAINT “u™. PIAB(4$;: "= ael - i1starx =~ C @ IF
Lpos ¢+ Letart 13 as » & : OONTS Shorter : MOVETC 5, ipoa PTAR (40} H3
ipas + Lstart 13 a® = p : GUEUS fhorter : MOVETO 3. ipos PFTAD (49} ir
-
-

.
1pos ¢ istart ¢+ 13
ipos ¢ ustart o

L0014 THEW euf = ".000° o+ WIDSIFTRS (a8°1000041, 2. 1} : RETTRN

iaal <
ia8) € .0lf TRIN as$ = “.00° ¢« MIDS(TTRS (44°.00000), 2. 2} : RITU
T ABS{aa: < _lf TEIN agt o *.0° « MIDSISTRS(aa*i00004!. 3. I : RETORNM
1T ABS &a' < 14 TADN a3$ « LEFTS (fTRS(as:. §) ELSL asé « LEFTI(STRS(aa). T

RLTOR

MISCLLLANTICS ROCTIWLS

trrerfia
IT (EAR=64) AND [ERie?: TALN AISOMI Aecover
IT (B~ 100) TAIN ALSOWI ?Printlnd

mc
Amcover:
M LAAOM GOTC €
> L O S M. i1, ¢ MENU L. ), 0 :oMENU L, 4. C
AL TURN
InDeta:

(1)1 ¢ 17 P4PL <= O¢ TMEM 3)fiag = ¢

$(211 : IT piplC <= OF THEN 5ifiag = &
0{3)1 : IF 7471 «= 0 TRE® 33{lag = ¢
(41t 5 IP L1L24 <= OF TEEN (jfieg = O
2 = VALIZDITSHIS)) If 412 <= Of 24XV )3fieQ = 0
Gass = OCASLE(EDITH(S)) : QOSCI CheckGas : 17 igasflag = | THEN Drivers = Ga : GOBOY GetDriwer LLSL J3fiag = O
Gass o DCASLE(EDITS$(7)) - QOSUD ChecsGas : IT igasflag = | THEN Testd = Gass GOLUD GetTwst LLEL J3flag = O

82

ipes = € THIN

1pos = €7 THEM

ipos = &7 TADN
ipos = &7 TEI»

ir

ipos = 7 TE
T oipos = &°

RETURN
RETLAN
RETURN
ALT.AN

Ea RETIRM
TELM



AL TURN

CheckGaa:
17 Gash = AIRT OB Gasl = “ANOGN" OB Gasé - EILIUN® O Gash » *COI° OB Gass « *NITROGDN" TAD igusflag = )| RLSE igesfiag = ©
TR
r0river:
if Driverd « "AIR® TREN gammad = | 46 | 24 = 2874
If Drivers = "AAGOW" TEEN guem. ~ 16670 : a4 - 200 134

IF Drivers » “EELITN" TEDN gammad = 1.667¢ : B¢ « 2077 .02¢
IF Drivers = *CO2° TEIN gasmad « ).29¢ Rt TR

IFf Orivers = "HITROGDN"™ TRIN gammad « 1. 44 1 B¢ = 296 .00
U™

GetTest:
IF Testd = "AIN® TIEN gasmal + 1. 4¢ - Al e 2874
“IF Tests = “ARGON" THIN gemes: = | 6674 : R} = 700.1)4 .
CIF Test$ = CQLLIUMT TAEX Qama =L 6870 ¢ W) = 2077036
TIT Testd o TCOZT TEIN gamaal ~ 1.290 : N - 189.93¢
“I7 Teat$ o TMITROGIN® TEIN Qammal = | 40 : BRI « 394 .84
RITURN

DrawTable:
et data froe file
I infoflag = 1 TRDN WINDOW CLOSE 7

WINDOW 1, “°. {106, 1301 - (3Zé, 1901, -2
ALSTORL 241 : CALL TEXTBISE(12) : CALL TLXITACLI(O) CALL TEXTrONT 3! -
LoIT FIDWD 1, "1°, (0, & - {42, 2y, . 2

RIAD azé : MOVEITO 38, 180 « PRINT aa8

EOIT FIELD I, *20°, (k. 39) - se1. .2

ALAD art : MOVETC $0. 51 : PuIwT 1] ICIT FILLE | : (Ifield - )

BUTTON 1, I, OK*. (84, 22) -

CIALOC OFT : INITCURSOR
Tablae?:

t > DIALOG 10)

WEILL ¢ © 1 AND 3 <> 6 AND ¥ &> 7 : 1 = DIALOG(J) : €MD

Ir ¢ = 7 TREW IF LBf18ld = 2 TEIN EDIT rifLd 3 ilfield = | LIS ED!T TIELD 2 : {Pfield = 2 .82 RZM

IT 1 = 7 TRE¥ QOO Tablel

icommence = VAL(LDITS(}))

iconclude = VAL(EDITS(2))

BLTCUASOR VARPTA (imatch (01}

WINDOM CLOSE 1

Qs : DIALG oW

1 = -

PICTURL ow s

CALL PENSIBL(), 1}

CALL TEXTTONT{4) : CALL TEXTSISL(I2] : CALL TENTFACT (1)

MOVITO §, § ¢ LINETO 463, & : MOVETO 5, 3 : LINZTO 3. 34
™w? °n- MOVIIC 1), 3 : LINETO 33, 34
T™T "n* ;: CALL TENTSIRE(®) : WOVE 1, )
MOVETC 77, 2% : PRINT A" ;: MOVE 1. ) : CALL TEXTSINL(Y)

: CGALL TRXTSIIR(12) : WOVETO 72, § imrre 12, 34
t CALL TEXTSISRZ(12) : MOVETO 109, § : LINETO 108. 24

MOVETOD 120, 2% : PRINT “a° ;i MOVE 1, 3 : CALL TEXTIISL(S) CALL TEXTSISL(12) : MOVETC 153. § : LIWETC 183, 34
MOVETC 167, 23 : PRlNT P WOVE 3, 3 CALL TEXTEIIE(®) ¢ CALL TREXTIISZ(12) : WMOVETO 199, $ : LINETO 199, 24
MOVEITO 212, 3% : PRINT P MOVE L. ) CALL TEXTSIIL(Y) + CALL TEXTSIEL(12) : MOWETO 231, § : LINE™O 231, 34
MOVETC 170, 25 : PRINT i: MONE 1. 3 : CALL TEXTSISE(W) ; CALL TENTSIRE(12) : WOVETO 303, S : LINEPPO 205, 34
MOVETO 323, 2% : PRINT WOVE 1, 3 : CALL TEXTSIRL(®) ¢ CALL TEXTSIEL(12) : MOVETO 360, $ : LINEYO 360. 34
MOVETC 179, 23 : PRINT MOVE 1. ) : CALL TEEXTSISE(®) ¢ CALL TEXTSISE(12] : MOVETO 413, $ : LIWETO 411, 34
NOVETC 429, 23 : PRINT : MNE L, 3 CALL TEXTSISL($) : PAINT "n* : CALL TLNTSIEL(:2}

MOVITO 46]. § 1 LINETO 463, }4 : WOVETO 5. 34 : LINETO 48], 34 : WOVETO 4, 34
CALL TEXTFACE(C) : Charfiie ¢
WEILE 11 ¢ levmberew < jewnclude

EX SR PR RN

GET 41, i1 + 5 ¢ Losmmanes - |

1T RZOF (1) TAEF QOTO Taklefnd

128 « FTRS(CVI(18)) : 326 = STRI(CVI(38)) -
= CVD(x8$] | QOSUS Shorter : 28 = ash
= CVOits) : GOSUD Sherten : t$ = a
= CVD(uf) : GOSUP Brorten : uf ~
= CVD(a$) : GOSYD Shortan : af «
= CVD(pS) : QOITB Shorter : ph =
« CYO(TTS) ¢ QOSOD Shorten : TTS

as = CVDIirnos) : OCSUD Sherten : rhel = asd

Gridf = ggd : iblank = INSTR(Grids, " *) : Gridf = LEIPS(Grids. vlar - 11

IF Grids = “Slank® TEEN GOTO Tablebnd?
' print dats ta rtable and te cli

IF 11 > ¢ TAER SCRGLL (0, 0) - (308, 310). 9. -29 : MOVETO 5, 237

ime (0, )
4 -9 ¥T STRE(L1 ¢+ sosmmenae);

TEEN PRINT 125; RDLSR 120 = ° - 1 PRINY (2
3¢ - CharslsecLEIN(120). -20 : CALL LINE(O, 2
TLEL )28 = ° - : PRINT 323:

0 - Charsise LN (32%). -20 : CALL LINZ(O, 29) : MOWTL 2. -3 : PRIN? xE:

MOVI ¥, -9 : IT Gridf © “lapangiss” AND Grids <> Tintarier:i* TEIN PAINT 128

- CharSise*LIN (RS}, -20 : CAILL LIWE{(S. 2%) : MOVE |, -9 MIRTY
45 - CharSise‘LEN(td), -20 : CALL LIWE{(O, 29) : WONWT 1, -9 TR
S1 -« CharsiseLDN(u8i. -20 : CALL LTWEZ(O, 2% : WOVE I, -3 PRINT
33 - Charsise LN (a#). -2¢ : CALL LIWE(O, 28) : WMOWT !, -3 : PRIW?T

$4 - CharStve LEN{(pPS!. -IC : CALL LINE(O. 2%} : NOVE 1. -9 : PRINT :
$1 - CharSiae LN (TTS). -20 © CALL LINE(C. 291 : MOVL .. -9 PRINT rhes:
4% - CharSise iDiizhed), -20 : CALL LINE (0, 29) : MOVI -d458. 0

/NN

Tabiatnd2:
-
Taklebnd
CALL LINE (4S8, 0)
PICTURL OFF : lmeged = ?ICTORES

OPLN *CLIP:PICTORE™ FOR COTPUT AS
PRINT 0. lsages

cLost 42

PICTORL oM

RETTN

PEWT 7. 0, 1 MENU 4. 1, 1 o MENC €. 2. L . MEND 4, 3, 1 : MENT 4. 16, 1 . MEND ¢ 5, MIEZ 4. 4, ) MINT 4, 6, .

2¢ - Charfise lDN(STRI(L: ¢« ioommesas!), -20 : CALL LIML(C. 2% MOVL $. -9 : IT Grid$ © “Contacz® AND Gridl < “Interior:®
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vl = w2

a) = W * Bled welosity
Pl « rhae * Bleb @ensity
T - T2

£ho) ~ rmol

ATUM

findinfo:

GOSUl FindPoint
Tindintel?:

wiNDOw 2
draw seroll Bar with ecroll boa st top positien
PICTURL. Scrolldazd
PICTUAL. Scrolibox$
print infe in window 1
CALL TEXTTONT (1} : CALL TEXTSIEL (i1 - CALL TENTFAZY (i}
as83 = “Point Iafo" : MOVITOC 12, .l : PRINT asal
LINL (0. 1) - (#. 141
CALL TLXTFOMT (4) : CALL TEXTEIIL (9} CALL TEXTTACL (32}
MOVITO 5. 20 @ PRINT “% FTAD (48 Y
MOVITO 5. 41 : PRINT * PTAD (40) ]
aa = & . COMUD Shorter 1 MOVITC §. S4 PRINT Tac: PIABILN); =" as$
as = v | GOSUD Shorten : MOVETO 3, €7 . PRINT Ct®: PIAB(4N); “=": gif
WINDCH OUTPUT 1 : itop = !

RETURN
GetScroll:
star: = TIMER : WEILL (TIMER - start) = | : WOID
3 = ABI{3] + ABS (MOUBLI(C)) - )
IT ¢ = ! TREW 13crolling = sfiretderoil
IT 1 = 2 TRIN iSeralling = 2*1firecternl]
iT 8 e ) TREN iSerelling = J*ifirsticroll
IF mas « 169 AND ttt < 106 TREN 13cro.lX = (8erollX + iferolling : L3croil? = iScrollT « i8ero.iling © @OTO Gerlcra.iilnge
1r < 169 AND tet => 106 AND ttt = 212 TAEN ifecrollX o iSerollX + i3ereiling : GOTO Oatlerelllnd
ir «

asa
Axa 169 ANO ttt > 217 TEEM iScreilX o 18eroliX « iScrelliing : 13eroll? = 18erollT - LScreiling | GOTO Getlervillnd
IF azx => 168 AND anx =< 329 ANT ttt « 106 TAEN i8crell? = iBeroll? + (heroliing : GOUTO GmtSerellind
17 ama => 169 AND max =< JI% AND ttr > 106 AND ttt < 217 TEIN iBeroliX = 0¢ : iBercil? = 00 : QOTO Getdero.ilnd
IF aza => 163 AND axx =< I3 AND ttr > 211 TBIN 1Scroll? = 18croll? - iScrolling | OOTD GetBerslllnd
IF maa > 139 AND tet < 106 TREN iSecreilX = iSerollX - (ferolling @ iBercil? = 18eroli? « IScre.iing : QUTO Ge:Scroi.bnd
17 max » 339 AMD ttt => 106 AWD ttt =« 112 TEEN iSareliX = iBerollX - (Screiling : QOTC Geticrolilne
IF wax > 319 AMD tti > 212 TEEW 13esollX = 1$erellX - L3crolling @ i8erolll = (BereliT - 1Screliing
GetScrolilng.
mTuRe

ShowNuabar :

CALL TEXTTONT(4) 1 CALL TEXTSISL{%: : CALL TEXTTACL(1?) | CALL TEXTMQDL(})

TOR L = C TO maa
a = Pointleaail)
t = Pointiect (1)
il = iPeintFile(t)
IFf PoirtType (i) = 3 TRIN GITC Wuaberloop
MOVIIC 490¢* ix*magfactort + LILIAI /(08 « LIL24) « 1% + (BerollX. D184 « iSaroll? - (i t magfactoréseatretchs (18 « Lil2
PRINT ty 4 )

Sumberloop :

XY L
AITURN

Closefisid):
IDIT TIELD 1 : mextfield = }
LINE {128, 81) - {234, %4, IO, B¢
EDIT TILLD CLOST 3
RETORM

OrawP:itotr:
SETCUNSOR VARPTR (Lwmtch(l))
MINDCOM CLOSE 4
WINDOW 4. “Pitet Plot°. (40. 401 - (47¢. 334), )
PICTURL M : CALL seCWPEIM
pitotmaxl * 00 : 1Ll = &
TOR 11 = § T0 man
IF 111 o 6 THEN 1idash = 1}
IF i1] = § ANC PointType (1i} = & TEEW 11] = 1}
If 3141 = & AND PesintType (11! = % THEM 131 = 1 )
IT PelntType(il) = 7 THEN GXT 41, 1§ : pitexsax = CVDI(TTS! 1 IF pitotaas > pitotaan’ THEN 1i] = :: pitolmax. = pitotmas soTe
DPEnd]l ELSEt QOTO DPLndl TLSL AIM
IT 11 = aax NID PointTypeilil © ¢ AND PeintType (11} <> 9 TADM BILP : BLLF : BLIP : QOO CloseMindows
OPLndl:
L12 + ST
T 0, Ll
han = CVD(t$) : pitotmas « CVD (TS
rpitotl = (pSp2tpIpic. B4/PAPL)C ((gummal » 1!} (MS0°. 0
11/ (gmemal » 1)) (1!/ (gemma) - 1)}
If epitotl > pitotmaa TREN pitotses = rpitatl
GLT ?1. iidash
Taast = CVD(t1) : pitotdash = CVDI{TTS)
LI d TLXTILIL ¥ . TEXTTACT 22
LINE (2 Jo- (408, 261), . b 1L = 29 : MOVETO 16, 271 : PRINT CIWTIILIL2¢/usl + lé/usll - (camsh - ¢
TOR 114 = 0 TGO
1t = 4t ¢ 4C : MOVETO it. 261 : GALL LINR(G, -9)
oL -12, 18 INT CIWT(((taash - (Lil2d/us? ¢ 10/us2Ci1°12i/0 « L1LI0/ue2 « 18/ua20.1.1000;/1C5C
OFLad2:
WEXT 131
MOVITO (80, 194 : PRINT °*t ad/ L2°
Ap o= 260 : MOVETO 20, 261 : QALY LTWE(H, ©0) : MOVETC B, 261 : PAIWT ° 0°
FOR i11 = | 1O 4
1p = 1p - 40 : WOVETO 2F. 1p . CALL LINZ(E. O}
p1s = FTRI(CINT (pitorsan®:1:*100:/5:})
piis = ° " . MIDSipEs, 1.
p12s = " ° « WMIDS{ps1. J. 1}
MOVETO 13, 1p -10 PREINT
IF LIN(pss) = ¢ TBEN pilf = * ° o MIDS(pss, 4. 1) 1p - 14 : PAINT prlS:
IF LN (ped) = 2 THLN WOVETD 8. ip -1 : PAINT 7 0°: L lp e & 0 PRIMT p2ld. . GOTC OPLnd)
MOVETC 6, ip -1 . IF LDX (pE$) e 4 THEEN PRTNT pals: LLIT PRINT pald
MIVETC ¢, 1p + § : IT LIN(peS} = 4 THEX PRINT pals. ELIT PRINT pr2:
OPRAd)
WLXT 1314
MOVETC 3. 143 : PRINT *p* : NOVETC 5, 136 : PRINT *.°
MOVETC &, 162 : PRINT *p* : MOVETC 3. 174 : PRINT “4°
IT PosintTypeiiidashl <> § AND PaintTypeilidashi © 9 TEIN MOIVITO 188, 26! - pitotdash’20{/pitotaax

"2/20)% (qammal/ (qemmal - 111}/ ((2 ‘gmmma./igammal ¢ i1e(Msec @

20:u82 « LHfued LE R -Rl

If Po_ntType(iidash] = § DR PolntType(Lidasr) « 9 TEEN GIT ¢1. 1Poimt(iidash) @ t = CYD(th) : pitet = CVE(TTH : MOVETC &8 - [z - {li.i¢
* 10/us2C)1) 320/ (tdash - (LiL24/us? « 14/us2C)). 261 - PITot 200/pitotass
il = lidean ~
tcontact = 0 : Mios = 04 : PENSIIL 2. 2
WRILL L1 <~ sax
ST ¢, 11

IF PointTypsitl) = 8 TEEN toontact = CVDIt$i : i3 = LPOIRt(ii) ; GOTO DPLAMd

IT7 PointType {11} = ¥ TEEN Thlob = CVDIt$i . 11 = 1Poistiil} : QOUTC DPLned

t = CYDIt$) : pitet = CVD(TTSI : ii = Lheanmt (11}

LINETO 68 « {t - (Lil2¢/uel + 1#/ua20))*220/ (tedamah - (L.L2#/vwe? « lé/uslf)). 26. - pitot*200/pitomes
OPLnes: -
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L g
IT iexpend - © TERF LINTTO & .
LINITO 68 « (vg? -

(R TS I
{L1L20/u8d ¢ 10/ve20))°320/ (téash -
il = o:o;u-.n/oulo'nnn'u_.x S LIPMa . 8)72/20) " (gamas ./ (ganea] -

aad) - 10/usd0) 320/ {taasr -

(LILI0/uald o l4/vel0)), 7

11}/ (guamal o 111)°(11/ {gammal - 11})

LINTTO

LINITC $4. 141 - ipltet2*200/pitotman

LimTo 40, 261

PERSISE 1, }

IF Thios <= 0t TERW GOTO pitet juspl

MOVETO 60 + (Thiew -

PEMIISE 2. 2 @ CALL MOVE{D, 1t

FEMITIZ I, 1 ¢ PRINT “Blas-
pitotiumpl:

IF Loontact <= O TADN GOTO pitot)umpi

MOVITO 49 ¢+ (temnract - {(L1L2¢/usl

PEMIISE 2, 2 ) CALL MOVE(Q. 1)

PLMIIEE I, ) 1 PRINT "Centset”
pitatiuwp?:

PICTURL OFT : CALL RIDEPEX :

OPEN CLIP:PICTURL" FOR OUTPUT As 2

PRINT 42, imaget

Lot 42

mrcuRscn

xRS

© DIALOG BOX AND WINOOM DRAMING ROCTINLS

DrawCisiegl:
wiwoCM 1, -,
TEXTTALT (1)
ALSTORE 2
FOR L =) 7O
A a3d

{105, 30) - (400,

IF 1 = 1 TEEX MOVETO (2950 - LDW(asd)
I7 & = 6 TRIN MOVETO (2200 - LE¥(ax8]*7.3)/2
I 1 =) TRIN MOVETO {2104 - LEM(ash)*?.3)/20,

PRINT g2)
WEXT 3
LINE {$.112y -
WY 1, 2.
TN 2, 1,
TN 31, 1,
arg = °n*
ALTURS

1290, 111y
“net, 220,
cyeat. (120,
“ome, (210,

12¢) - (2
140) - (200,
179) - (270,

Orawdialegl:
setup variable iaput dex
wIiwDaM 2, “*, (70,
TEXTTACK (1)
RESTORE )

30y - (442, 260), -2

AZAD ass
MOVETO (298 -
PATE? ass :
TEXITACT ©
WOVETO 10, 88 : LIWDTO 130,
VIO
READ

IR (LXR(asd) *¢.3) ) /21,
W 1, 1, OK", (29e,

k3 )
1L

0
130. #0 : LIWETO 260, 60
§ 1 MOVETO 100 + (1200 - LEN{as#)
1 NOWETC 1304 + (1204 - LEN(asd
: MOVETO 1504 «
VETO (120,
PUIO) = 22 1 pa(l)
PAII0) = 140
PAINTRCLY VARPTR (p$(0))
PVI2) = 240 : pA{4) = 230
PATNTPOLY VARPTR (38 (D))
PVIZ) = 230 1 PA(4) = 260 : pAI6) = 250
PATHTPQLY YARPTR (PA(0))
PYI2) = 350 : PA{4) = I60 : PAi6) = 380
PAINTICLY VARPTR (pA (0))
107, 107 : PRIWT "L" ¢
362, 107 : PRIWT “L° :
130, 110 : LINETO 140,
BOTRON 2. 2, "DQ". (10, 951 -
BOTION 3, 1. "langley®. {82, #5) - (120,
OTTR 4, 1, °B.T.%, (10, 130) - (30, 14
77, 137 : PRINT *p° : MOVETD 95,
7T, 150 & PAINT "p° : MOVETO 05,
76, 140 : LIWLTO 3¢, 140
96, 143 : PRINT "=~
IDIT FIELD ). <1013e-. {i1e,
MOVETC 197, 137 : PAINT "p*
MOVETC 197, 180 : PATNT p°
MOVETC 196, 140 : LINETO 210,
MOVETO 116, 143 : PRINT *=c
IT FIZLD 2, "209.6°, (230, 132) - (1%
MOVETO 18, 177 : PRINT °T* . MOVITO 21,
MOVETC 19, 191 : PRINT T° : WMOVETO 27,
MWOVETC 14, 160 1 LIMETO 32, INC
MOVETC 30, 18 : PRINT "=
IT FIRWD 3, *9.43%, (82,
MOVETO 143, 17Y ; PATNY “L" :
MOV 143, 190 PRAINT °L"
MOVETC 142, 180 : LINETC 136,
MHOVETO 162, t PRIMT
EIT TITLD 4. "0.6541°,
MOVETO 261, 177 : PRINT
TEXTSIIR{1}
HOVETC 266, 180
VLD 296, 19)
EDIT FIELD 8, "0.01184". (300, 172) -
READ @33 : NOVETC 23, 224 : PRINT atf
IDIT FIZLD 6. *Belium’, (11&, 212) -
BARAD ass . WOVETO 180, 14 : PRINT axé
IDIT FITLD 1. *Airc, (290, 212} - (366,
IT FIZW |
1e0: et
ImITCONSOR
RETURR

HOVITO

2 1 LINETO 138
. 107 :

112 3
{#) = 130

: pALs) - 288

VLT 198
MOVETC 311
110

{49, 110),

133 - un
MOVETC 208
WOVETD 204
140

17 - (i,
MVTTO 15)
MOVETO 13,
180

(17, 11 -
"d4” : MOVITO 267

© LINETC 2
: PRINT te*

e

Orawd ndowd:

3e. up flow fiels window - window )
WINDCM 3, °*, (2, 22) - (510,
PICTURL O : CALL 3BCMPLN
MENV T, 0, 1 :oMENC D, O, I :
I7 1ifleg = | THEN RZTURN

Drev sspansien tube (incluvding seca
ansvs Tube : LIWL 10, O) - (300,
QGOSUE Sealee
a) * ng : 3 = tqg : GOSTY Drawbsint

3401, )

W &, O,

-2 I

1tg? -~ (LILXE/wed ¢ 10/u820)1°320/ (2.

1LILI#/u82 ¢ 10/ue20) )220/ (Ldash -
CALL LINT (S,

1470028714320/ (tdaah -
: CALL LINEL{C,

MOVETO 120,

11100 - LEW{aed)*s.6) /28,
MOVETO 230,

362, 19

[ARIN

ac,

1L1L207002 + 1e/ueld)),

20) 1 WMOVL -1Q, -2

20 1 MOVE -10. -30

lnages = PI{TURLS

0. -7

140 2
1801, 2
0.1

- {352, 30, 1

16, 30 s LINETO 10, ¢ 1 LIWETO 1J0,
0 1 LIWETO 260, €0 .
*6.4)/2¢, 7% : PRIWT a3
146.61/2¢, % + PAINT ast
T8 . PAINT ass
€2 1 LINETO 250, 112 : WOVETO 365,

PY(I) = 113 1 pU{4} = 140 & pO(Y) = 110

0

T pUIe) = 240 1 PA(ID) ~ 240

D PpUIS) = 280 : PA(10) - 26

P P8} = 330 : pY(I0) ~ 330

. 10% r TEXTIOWT (4)

: TRXTSILE
. 109 ; TEXTPOWT (&) :

TEXTEILX (

3

110), 3

5.2

129 : TEXTTONT (4)
1331 : TRXITOWT (4) :

TEXTSISL(Y)
TEXTIIRL (M

. 148}
.13
, 182

TEXTPONT (4]
TLXTTONT (&}

TEXTSISL (Y}
: TRXTSISL (N

. 1
179 @ TEETTONY {4)

+ TEXTSIER (9)
193 : TRXTPONT (L)

TEXTSILE () : PRINT

189)
rRa B
.19

TEXTTONT (4) : TEXTSISL(Y)
¢ TEXTTOWT (4) : TEXTSIIEZ (91

6 1
PR B

)
: PRINT °L7 : MOVETO 275, 193

]

. L2

ue, 2

T MENO S, B, ] s NEWG 6. 6, )

af : LINE (€. 8) - 110, 318). 30. af
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NOVETO 230, &0

: PRIWT .=
PRIMT

@ PRINT "4~
@ PRINT i

: PATWT T
: PRINT

PRINT t4-

e

(L1L24/ve2 « 18/ve20)),

) -

< BPILEt1*20C/piLotman

1

(L1L20/ual o 2e/us2Ciy. 1

82 : LINETC 260,
BT

.

oo

TIXTTONT (4}

: MOVETO 130,
+ LIWETO 238,

- 13¢

: TEXITONY (1)
: TEETPOWT ()

: TREYTONT (1)
¢ TEXTTOW? (1)

o TEXETTOWT (L)
: TEXTRCOEY ()

: TLETrOW: (1)
TEXTrOWT (1)

TLXTSIIL (D

: LINETO 130,

[ 1

112
PV

1 /7011 ‘gemsal/ gamss:

dash - (LIL2#/ua2 ¢+ 14/u820)). 261 - spiret?*20C/pitotman

-1

T puis) e 140

Mitet14200/pitosas

CERERRRN  FLTLIN FYRY B

$.71/20, 4°17 ELSE IF | <= 3 TEEW WOVETO (29%¢ - LDM(awb)3.31/24. 1°20
143

”°

S pALe e 107

¢ TEXTSIEL(12}
: TEXTSIIL (L2}

@ TEXTSIIL(i2:

: TEXTSISE(12)

©TEXT

tL(12;
: TEXTSILILiL2)

- TEXTSIILIIN)
© TEXTSILLLY

2 TRETTOWT (1)
: TRETTONT (1)

i PRINT 2°

TEXTSILE (12!
oOTEXTSIIE (L2}

T TEXTIONT (1)
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QRICINAY pogT

CfF ¥ '
A = aghieb [t} -t > GOOUS Drawbelst
NV 4. L1 MENU 4301 M4 D L NENU 6. 10, | 4 WDNG 4, EEERE 1 T DR TRR Y - T S
mircunsce
RETUSE
Infoben:

firstinfe « | 1+ GOSUD Loestelnfn
WINOOW 2. °C. [400. 260) - (310, dap;. 1
GOSUD Findlnfo ‘
firetinfe = 0
RETURN

Drawkindowd:
WINDOM 4. %, (20, 40) - (20 1e¢., 3
TEXTFACT (1}
ALSTORL 300
RLAD asd
MOVETO (180 - LEM[a8$1*% T2/3., 2C . PRINY st
WTTOM 1. 2. “Tesr”, (10, 33 - ¢, )
BUTTOM 2. 1, “Contact®. (180. 301 - (17¢. 36}, )
WTTM 3. 1, “Drivert. (10, 61 - (8¢, 801, )
WYTM 4. 1. "Bleb°. {10C. 60 - B2 LT |
BUTTOM S, i, “Plet®. (1. %) - (83, .30 1
BUTTON 6. I, “Eaitt, (100, %0; - (1. 1101,
AETURN

WINDOM CLOSING RCUTINES

Close¥indowl :
STTCONSON VAAPTR (1water (3]
TEXTIACE 10)
wINDOM CLOST |

Ask for name of database

IF asf « “n° TALW T3 = FILESE(O. "Type i name of new file '*i tifiag o ¢ ELEL IT a3k = "y TEY® Ff e FILESS (L. TLXTTY . 1:fieq = !
SLTCURION VARPTR [iwaten(0)}
o -rs
M LAACR GOTO Lrrorfia

’ PEN T3 AS 41 LIn « ¢
¢ LARCR SOTO ©
lopenfiag < |

If old - resd 1n variables and draw pieture
1F 11flag = | TADN GOSUB O.dfiie @ GOSOM Drawsindowd : GONUS Ralrew : GSCH OLq TRITCURSOR . RETTAM
QOTO Drawdiaiog?

CloseNindowl:

SETCURBOR VARPTE (iwaterili)

®INOON CLOSE 7

TLXTFACT (01

QOSUD RewCalas .

IT Teats <> "AIR® TAEN BLI? : BID? : BEZ? : SYORP

QDS Mirwls

QOSUR Wewfile

‘test gas peint

Qrids = “FirgtPoint* : PoirtTypaimas ¢+ 1} = 10

L~ max ¢ 2 : iPointimaa ¢ 1) = 1

1=0: JPointimax ¢ 1} = 3

tiowar] = 04 : supperi = SIVININILad/ (usl/ (vu2 - ea2) - 14} 1flag = 3

'l.l‘r'l!’/l.l'(l@l“l-(lh-rl'luilluul-uzl-lﬂlhn‘-IlI/(ll‘(lh-rl'(ul/(uu?ﬂl)-lﬂ/h‘)‘ 341120 ATH (slower!*(va?/ (uul-aad)-
141 /104 -.nnu'uu-zl-w-uuu-w)-u)/un'.:0)-(--1/un-zru:'n-un»-luo-ru:w:-nn»;;mwuz»

qUppRr=(34/84) ¢ (LOS( (19~ (3upperl*(ue2/ (vul-and)-14}/10é1°. 24}/ (18e (SUpperi* (us2/ (uv2-aad)-141/int1 CL20))-2PCAT (teupperit (us2/ tull-
l'l/u.l'J”“"(l\‘ﬂrl‘l\lll/{l\ll~u2)~l'l/l.l. 2')0(\1!2/(!?\.‘}”1'2")")Y'|lwpll/|n1-u1l'LlLI./ul)!

I¥ glewar‘qupper > 04 TRIX BZZF : CEP : MEIP ¢ o

CALL sercinisiowar!. supper!, to.. iflag. 3] : mg = 3

19 = EQ/(uu2 - aad) ¢ LI1L20/ue?

A eag:t)erg

Pointloca(man ¢ 1) = a3

Peintloct (sax ¢ 1) = t)
w3 = w2

a) = aal

P = prplsran)

Ty - 83°7) * (puamad *Ri) / (gaama

rhed = pIeRas(TTINI)

GO3UB Bevelsint

‘driver gme patnt

PointType isas ¢ 1) = 19

10 : 1Peintiman + 1) = 1

) - eaa i oint(man ¢ 1) 3

Pointlocsimax » 1) = 23

Potatioct imar + 1) = 3

al = aad

B3 = pipd

I - a3%2

Thad = p3/TT)

0109 Savelornt

fing dansity ainiaum
Aghies = -1¢ : tgwiom - -14

2-

phiak » 70
aaiphe = S2°RE - cpaioked]

balpha = epbloscn)

calpha = K¢ - M

dalpha = 21

aipha = S0CRASTITE - cpbleb’hitT2T. T4

falpha = opbloB R CTITI/TT:

alphaminl = -balpha/sslpha

alphamin? = (balpha/ealpha)*? - Ba.pha ‘dalpha/ (aslpha‘esipha) - Belpha®falphas 'aaipha‘anlphal - ds.;ra‘fa.pra. fca_pha‘ea.pha.

IT alphasinl < D¢ TREN IF plp4 /173t < PID4 BATTETY/ (T2TI*AL) THEM rhas = BIP4/TITE : GOTO C.oweMl LS BLIP RELY BEL? FCTC Lrawd LLSE
-

alphamin « alphasinl - SR (aiphamir?:

I7 slphaais < 0¢ OR aipramin > 14 TAD alphasin = alphaa(nl « IOR (aiphamini:

IT alphasir < 04 O wlphamin > 14 TREN [T pIp4/T3T4 < PIP4*R4*TATI/ (T2 °RL, TEEN rhea = PIPA/TITC - GOTC Closew LLSL BLLP : BELP . BEE®
QU0 TnaNd LLST ADM

FROR o BESRIDc1SeAd - cpbionRlicALpAESIA ¢ epbleB*RII/I{ (M4 - R1Icaiphamin - K1) (05
DR lok RlCTITL/TATIH

4TI - peiake

=

ITETL calphamir o

IF rhom > pIpd*Re*TaTL/ (T2Ti'N1) THEM IT PIDA/TITE > PIDE RACTATL/ (T2TI°R1; TAES BIXP : SLE? - SLI} . QOTC rhalO ELIL rham = PIPE/TIN ot
Cloeed RL3I AL~
IT TROB < DIP4RASTITL/ (T2TIR1) TEEIN IF PIDI/TIT4 « thes THEN rhom = plpd/TI7¢
Closewd:
IT rhee = pIp4/TITS TALN alpham:ir = i¢
gaamablod = faiphamincy 4« cppiop it - alphamin) *R1)/ (alphamin*Iesnd o tepblab - 28 - alphamin} 'Rl
adlust biok daneity Lo came ints therma. equilldriue with test gas
IF ihestflag = | THIN Thior = JALPRARLECSERATTITE » cpblob* (14 - ALDAERIN) TRICTITI/TATL) / (AlphaBin SHoRg « b abt il - PhaB:P] *R)

IF Lheatflag = | PEEN rhom = rhos’TSiaB*T4TI/T2TL
calculate bias trajectory
* PIDCRCTATL/(TIT R rrow)
BL1 = 08 : wv m (Q0taxs (28 o 2501 (84740
BVl = . BP9NNE ity (vvr(ued/tund - as2) - 18))
1llag = o
QIOwr=(5¢/8¥) ¢ {LOG 1 {14 (1114 vv! (ual/1uu2-aa2) =101 /L1 *.20) / 110+ 1011 P wws (wa2/ (uu2-aad) 14/ ad) B CTEORTN G iEL vy U2/ iinl-sa
RLZERT TRRS 7 TRY T ANTSERT TRINS FRTTR By VS IRSY SRS TS <20 ¢ (u82°vw/ LEROIINGL 20 L #) 1t (110/ (un2-na2) oLili0 val
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upper=(31/04) % (LG
LE1/LBE) " 20} a0 (11 vw? (uol/ tuvT-aa2) - 101 /1nd1* . 20)

17 glowmsr‘yupper > G4 TEDN BEZ? . BZL? : NLEP ¢ FTOP

CALL sereininll, wvl, wel, ifiey. "« aghled = ¢

gpiad = ngbled/ (sl - 2a2) + LILi€/uel

first bieb peint

Gzids = *Hlad” « PeInmTypwiman ¢ 1) = ¢

1 » 01 ileinrtiman ¢ )} = O

J e 0 1 ointiman ¢+ 1) = D

A = aghlod : Peintlocaiman ¢ 1) = a)

1] » tghlod | Polntlect(mar + )} = )3

W) » gul

83 = wu2 i1t - J0Cuncitgblobius? - LiL2e - AQhlobi/1led) $/{20 v gn) )

Pl = (TRaRCPAPI*Ri )}/ (FhO2rRO R4 TAT))
GDSUD Baveloint

Lndw):

T Acomleratior tube Mifrels
g2 = (le2t . 1/uadG + LiLl#/va2
IF tg2 > LiLZ8/ual + 18/uu2C TEER GOSUS LeminarMireis
QOTO DrawMingowl

Lasinarmirels:
K11 @ LiL2¢/us? ¢ 1#/ue20
vl @ LiLI#/usd + 19#/un20
iflag = §

W1Owwr {und/ {uud-and) - 100 /0a01" .20/ (10e (9u1°vw® (uad/ {wud~
v/ trnelrhel Pttt iat) )

) 101/ 001t 201 - 20 AT ((8ultvve (usd/ (vul-asl; -
(Bul/{uud-andisLil2¢/ua2)

+ a2

PTIY = TXTL/TAT] 0 rhed = pIp4cRATTATI/{TIT Rl

Glower = LOC(10 - BOR((ue20*(3ii - L1L2¢/um?) - 16:/1a2051 « BQR{(ua20 {al] - Lil24/ua2) - 10 /im0« um20e(pil -

L1LI#/us2)7(20im2¢ ' r020rNal0)

qUpper = LG (14 - QR (us20° (sul - Lil2¢/uel) - 10 /182000 « BT (us20° (sl - LILIé/usd) - i1/ mié: o+ umidtigel -

Lil24/ualt/ (2424 rhollrholt)
IF glower‘gupper » O¢ TEIN BEI? : BIL! : BLI? | sTCP
CALL serain(eil, pul. tol. ifisg. ©) : tgd = 1t
AETUAN

Closedindowd :
SETCURBOR VARFTR {iwatch () )
WINDON CLOSL 4
wiwDom 3
U RePier?
If infoflag « | TREN iD:irty = 0 : QOSCD Findinfol
souseflag = 0 1+ IMITCUNSOR : ipitotflag = O
MENU ). L, 2 WENU ), 2,
IF 1gridflag = | TAIN MENU 3. 4. 2 LLSE MEWD 3, 4
IF trumberflag = | YEEN MENU ), ¢. 2 ELSL MEWD 3, &, |
MWV 3, 0, 2 : MEND 2, 10, }
MENT 4. 1, ) MENU 4, 1.0 MEWD 4, 3, | MERU 4
IF infoflag = § TREN MDIU 3, 1, 7 : MEWU §,
MEWC 6. L 1o MERU 6. 2, 1 MEWU T, 1, )
mITCUASCR
RLTORM

1 BLIL MmNV 8, I,

© FILL BNICLING ROUTINES

Pewfile:
Save initial senditiens and geametry

41 mwog s
1

PMENU 4, 6, 1 : MENU 4. 8, 1 MDNU 4. 12, !

TIELD ¢1, § AB PAPIS, O AS plplOS, © AS Gammads. § AS GRERA1S. & A3 L1125, 9 AN R4S, § AS RIS, 8 AN T4TIS

LIET PAPIE = MXDS(PAR]}
32T piplod = MKDS (plpi0)
LT gmasdt = NEDS (gammad)
LITT gmmals « WIDS (gummal}
WET 11L28 = MDS(LILIY)
LIET R4S =~ WD (B4
LIET 213 12| V8]
LSE? T4T1S « NEDS(TAT])
POT 41, 2

* Save derived varianl
(=% 1 3 }
OFEN F3 A3 ¢) LEN = 76

TIELD 91, ¢ AS D218, § AS pipds. # AS TIT4S. O AN TITIS, 0 A M23. 0 A2 KIL. 8 A3 aa2S. 0 AS aadd. 0 A5 uu2$

KT p2pis -~ WNDE (p2pl}

LSTT pIpds = MEDE (pIpd)

LSEY TIT45 = WD (TIT4)

LESEY 72713 - wORDA(T27!)

LIET M25 = OS24}

LAEY W33 = MIDE (MO 4;

LSE? aals « WKDS (aa2)

LIEY aad$ = WKDS tand)

LSET wuls ~ MXDS (unld)

0T &1, 3

aost o

OFER TS AS ¢] LEN = 7§

FILLD #!. 8 AS vulS. 8 AS rhoirh
LIET uull o MDA (uud}

LSE? rhelzhols o MIDS (rho2rhel )
LSET rhedshost = WRDE(rhelrhod)
LSET lsé - WXDS (1né)

LEET p20p10S - WIDEip20pICH
LIIT pSpIs = MIDS (pSpid)

LIZT T4T28 = MRDS(TIT2)

LITT 2207108 = MRDS(T20T10)
LEE? uell =~ WEDJ (usl}

roT 01, 4

cLoer ¢}

D FE AS 4! LW = 76

B A3 ThedrhedS. 9 A3 im$, 8 AS PA0DICL. 0 AS pSp2S. § AS TSTIE, 8 AS T20TIOS. ® A3 vals

TIZLD ¢1, 4 A5 M2C5, & AS M55, O AS aa203, $ AS ass), ¢ A uu20%, # AS wudl, § AS rho2Orhei0s. 8 A3 rhodrno2$, B AS uails

LEET N10$ - MKDS M200)
LTT M35 - WORDI{NS ¢)
LSIT an201 « MKDS (aa20)
LI aads = MKDS (aad)
LSBT uu201 = )3 (uu20!
LSEY wuds = MIDS (uus)
LEET che2Crhells = MEDE(rho20rnold)
LILT rhasSrhels = MEDS (rhodrhell
LAIT ua208 = WIDS (us2d)
P0T 81, § '
© betup file for paint a
cLost 4
OPIN T3 AS & LEW = 7§

PILLD 41, ktuwl.luxl.ZMJI.ll.lu,.Mtl,luub.”ll.l”b‘,luﬂl.IA.Ir'-I

RETORN

Cldrile:
* Get etatus inforwatior

FILS #1. 2 A3 masx§. © AS magfaciord, 7 AS Sero.lX$, 2 AS Seroll?s. § As ags. ¢ A5 g5, 0 AS aghlobs, 9 AS tgeloks, 4 A3 tg2d. 1 AS iaxpena?

0 A3 guamadiohs
T N,
wax v CVI(nax$)
asgfactart = CVO (magfactor$:
iSerolll = OV (Serolixs)
Aderoll? = CVi(SerollTs)
a§ ~ CVDiagh
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tg = cvoitgh)
agpiad = CYD {agmiend)
tguien = CYO(tgniond)
g2 = CYDIrg)
lexpend = CVI{Lempends:
gaamadioh * CVD (gammablied?)
Gat initial emnditisne
[=%- } 3N 3}
DN TE AS ¢1 LEM v 06
FIELD 41, 0 A8 P10, ® AS plplOos. § AS geamads. § A5 gunasalld. § AN LILIS 0 AS 2464 8 A3 IS, 0 A3 24TLN
T n. 2
AP - CVO(PAPINY
Pipid = CYOIpIpICH)
uamad = CVD (qammedt)
gasma; = CVD(gamma.d}
LiLle = CVDILILIS
B4 = CVD (R45)
Rl = CVD(R:S)
T = CYDITATID)
Gat darived variahiss
CLOSE ¢!
CPLN P4 AS &1 LEW = 76
TIRLE #3. § AB pIDIE. B AS pIp4s. € A3 TIT4S. $ A3 TITIH. 9 AS MK, @ AS MIE. 0 AS aslb 3 A9 amd$. 8 AN uu23¥
GxT 41. 3
$2pl = CVD(PIPINL
pIpd « CVO (plpes)
TITL = CVD(TIT4S:
T2TL e OVD(TITLS)
W24 = CVDI(MIE)
My = CVDMOS
sz = CVDiaa2$}
a4l = CYDiaald$}
wu2 * CVDIuw2$i
L% L Y
OPIN TH A3 4. LIW = Y6
TILLD 0 A3 vuis, B AS rrolrholS. & RS rholrhodd. ® RS lsf. § AS p20pi05. 8 AS pip2b. 0 AN THTIS, & AI TID
GET 1. ¢
wul = CVD(uuls)
rho2rhel = CVI(rhoirholst
rholrhod = CVD (rholrhodd)
st = CVD(las)
$I0PI0 o CVO(p20pIOK)
pIp2 = CVD (pSp2S)
TIT2 = CYO(TST28)
70710 = CYD(TI07108)
usl =~ CVD(ue2) '
ot 4
OPEN TS AS 41 LEM = 76
TIZLD 01, 0 AS K205, 8 AS M3S. 8 AS anZ0S. 3 AL aad$. 0 A3 uu203. 8 AS uudS. § AS rAc20rhol0S 9 A3 rhodrhols. 8 AS uelCS
GLT 41, %
K204 = CVD (M20H)
MS 4 = CVDIMAS)
420 « CVO(aa208)
aad = CVYDiaadd)
w0 = CVDiwu208)
wud « CVD(uudd)
rho20rhald = CYD irme20rheldf)
theSrhe2 « CVD(rhoSrhall)
ue2d = CYO{ue2d$;
setup flle for point date
[=2. 1 3 33
PEN T3 A M1 LIN = T4
FIELO #1, 16 AS ggf. 2 AS LS, 2 AS 78, 8 AS xE. B AS th, # AS ul, 0 AS a5 [ AS pf. 0 A TTS, t A rhod
MTURN

9 AS uall

Sevelorint:
aax - max ¢ 1
LITT gg8 = Gridd
LIET 15 = MKIB (L)

LEET 38 = RIS ()
LEZT &8 ~ MKDS ()}
LSET ti = MKDS (L))

LEET ui = MKDS (L)
1SET 8l = MKDS (al)
LSET ps = WRDS (p))
LILT TTE « MRDS (7T
LSET rhol = MKCS (rhed)
mas

ALTORN

TindPorat:
GET 41, 44

- CVIiis

- cvigs$)

- CVD(a$)

- CVD(H)

CYo(us}

- CVDaS)

VD Ips)

7T - CVO(TTS)

£ho e CVD(rhet)

RZTON

PR RS
[

TindPointl:
GIT 41, 3
1l o= EVI LS
3l - CVIOI8
al = CVD (a3
tl = CVDirE;
wl = CVD(ub)
al = CVS (a$;
Pl = CVDipH
TTL = OVDUTTS)
rno. = CVDIrned;

T
Tindront?:
GET 41, 3
12 = SV (8
92 = CVIEI
2 = CVD(x$,
L2 = CVoI(th
uz = CVD(us! ~
a2 = CVD(ah
p2 = CVD(pH!

T2 = CYD(TTS)
rnol = CYRirmod!
RETURN

FinrdPoistd:
QXY 4, 113 N
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cvonf)
cvoith
VO (ul)

c
e

B3 = SVD i)
TI1 = SVDITTH)

£hel » CVD (rhed} OR!,GIN'I‘.L PQGE lS

AL TURE

ey OF POOR QUALITY

XT el 42

4 =i

aé = CYD(n#)

te . oI

v - CVOub)

adt = CVD a8

pé = CVO(ph)
TTaL - CVOITTH:
rhod: * CVDirhod)
AL TURN

TindPaintee:

LY #1, 14
x4 = CVD (28}
td = CYD(td}
ul = TVD (ud}
add = CVD(as} =
pa = CVT (DS}
™ CYD(TTS)
rhoéd = CVD(rhes)
RITURN
FlndPointd:
T 4, 118
i = CVIUIS)
3% = CVI M
AS = CVD(nS!
S = CVDicd)
ud = CYD{ul)
e = CVD{alh)
By = CWOph)

TTS = CVD(TTH
Thol = CYD (rhof)
ALTORX

findPoints:
ST 0, 138
26 = CVD (a8
e« VDY)
ub o CVO(ud)
at = CVD(ad)
ps = VO (pI)
TTE = CVDUTIS)
rheé = CWO (rhed)
TN

Rasumber:
IT 1l = 412 O 12 = 1Ll TRED QOTO Ranumber:
Renuabar 3:
IF 31 = 142 TAER SETH!, 14l : J = wam o 1 : LIET? 3§ « MKI$(3} : POUT 81, 14} 7" 117 : PeisT{Lil) o mAR o ] BLST GEY #l. 112 : ¢ = mam o |
LSTY 380 = MNIS{3) : POT 41, 112 : 3 = 4il : JPointi{ill} = sax + ]
Grids = "Isteriesy® : 1 -0
GOSUS Saveleint
rointType (maa) = 4
AETURN
Renumwers:
IF 13 = (17 TAEM QETH1, 21) : ¢ = wax ¢ 1 . LBET 318 =~ MRISIL) : POT €1, 181 : 1 = 112 : 1Poirtiiil) = max + : RLLSE ST 1. 542 BRI YV RS
LEET 314 = MKIS{1) & POUT 81, 112 : & = 41l : 1POARL(IF2) = maa ¢ |
Gridd = “Interiers® : 3 = 0
QGOS0 Lavelsint
Point?ype (aaz} = )
ATURS

© CALCTLATIONS

NeuCalos:
Caiculate sheok tube and scoslerstion tube preperties
slowerl = 1t .
IT Llangieyflag = O TEDN supper! = .9°(SQR (gemmal® (gEmmal + 1!} (gammad « 1!) Gammad *Re*T47:/(ganmal *Al} |/ (gammadé - 1.)| -2 ILSL 1upper =
9 {3 (gamma 1t (gemmal 4 1) *2¢ 'gummed R4 TATL/ (qEamal*Rl) )/ (Qgumed - 112

ifleg » &
IF ilangleyflag = O THEN yyl « slewerli®(SQR{(gamaad « 11)/2i) - {(guamad - 10} *SOR ((Gammal*Ri}/ (GamBad*Rd*TiT])) * (1lower] -
/(3G 1120 qanaal) * {20 'gamnal ¢+ (gammal ¢ [81%(clowarl - 18)11)1°(-24°0anmed/ (Gamsad - (8;] - PP

Ir Lianqleyflag = 1 TADN yy! = slower!®(}¢ - |{gamamdé - PPOQR((Qummal*R])/ (GEmMad  Re TAT )" (tiowes: - 141/ (300 ({24 *gammal) * (24 ganna; -
(Guamal « 141 ¢islower] - 1#))}))°(~2¢'qamans/ (gamnat - 14}) - P4P)

iangleyflag = 0 TREN yy2 = cupper]®tsOR((gamasd <+ 1:)/2!) - ((guamad - 1) *SQR{(gemms /lgamSsd R T 1] * {rupper; -

6/ (SQR ({24 gmmal) * (¢ qgumnal + (gamaal ¢ 16)° (xupPErl - 10})) 1) " (-20°gammad/ (gammad - H)) - PAP

If (langleyflag = ) TADI yy2 = supper!{l¢ - ((gamasd - 14)*IQN( (gmunsi*N:)/ (Qameasd *NE>TaT 1, (tupper: - 4} IR (20Qemmal] (20 gmans; -
(guamal » 1¢)°{supperl - 19}1}))° (-2 gamasd/ (gmmaad ~ 1#)} - P4P)

IF yyi'yyl > 0: TEDN S2EP : BLIP : 3TO?

CALL sarsin(ziowarl, Rupper!. tol, ifleg. 1) : PPl « o

pipd = pIpispar)

TITH = (pIpéi’ ((gammed - 1) /gammad)

TITL ()0 + (gammal - 14)°pipl/iqammal + 14)i /114 + (gummal - 1#)/(p2p)°ignamal + i01))

Q¢ = (1¢/quamal)® (pIP]l - 1H)/SOR(PID1* ((gmmma. ¢+ 19}/ (I0'gammal) ¢« (gammal - 18)/{20%Qamsa|*plp. |}

If Llangieyflag = 0 TRDN M3¢ = (20/(gaamad - 1)) {(1E/pIDa) " ((gemaad - 1)/ (20 Gammad)) "S30 [ (gmamad + (4124 - 19}

IF tlangleoyflag « | 202 3¢ = (20/(gasmad - 10))* ((1&/pIpd) “((Qammad - 19)/ (20 ganmad)} - 1¢)

aal = IGR(T2T]'gasmal*R1/ (TITI ‘qanaad ad);

wwi = 2s'ea?

aa) = SQR{TIT4)

LR TR VS )

rholrhel = p2pl/T2T!

Thodrhed = pIpd/1IT4

el ~ SGA((igammm! - 101/ (1¢*qanmal) + ((gamma’ » 1)/ (1¢°Cuamal’) *PIpl) *gmBnal*Rl/ (4T *quman 4 04) |

tlower? = 1

upper? = . $°(SOR(2: ‘gammslC (gamaal + 1) CTITIICHl ¢ (Qammal ~-1!)"M29/2!)/ (gamaal - 1'1}41

1flag = |

Tyl o tlewerleile ¢ (gammal - 1:)°PQ4/2' - LiqEmaal - 19)°SQN(I#/TITI)*(tlower2 - 18))/(SQR( (20 gmamal) ¢ (20 guamal + (gammal o () {ilower? -
BN ) i-20*guamal/(gansal - 18)) - p2pi°piple

YY1 = 1upper2 {i¢ » (qammal - 1i)°K24/2: - {(gammal - 14)*BQR(}I/T2T1) " (supper? - 161)/(3QR((2¢*gunamal)* (24 gummal + (guamal + 14! °/tupperl -
1011 *{-10'gammal/ igaamal - 14)) - PIpi*pIplC X .

IT yyl'yy2 » 0: TREN SILP : BLL} : STOP

CALL oin(slower?, swppari. wl, iflag, t} : pI0pI0 = ¢

PSPZ © PI0DIO/ (PlplOeppl)

TIT2 « (pSp21° ((gammal! - 14} /gammal)

TIOTIO = (1¢ + (Quemal - 18)p20plO/(gamma’ « 141) /(14 + (gmem - 19)/|p20plo* (gammal + 1831}

MI00 = (1d/gmmmal) f (P20OPLO - 10} /SQR (IR0’ ({Qaamal » 141 /(2 aRngl} ¢ (gammal - 18} *pI0Op I/ (2¥'gammall)}

K$4 = (20/(qammal - 10)1°((14/pIp2)t ((gRmmAl - 16)/ (20 gummAllI (18 ¢ (gammal - 18RI/ - 10)

el = SQR(TICTI0 gammal Rl/ |T471 gaanad *Re) !

wvi0 = NI04*anl0
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o
H IR
R AEE 4

a8 = BOR(TSTZTIT) 'gasmal*Rl/ (147 ‘guansd *Ri))

vy = MO4and

rrRedrhall = prOPIN/TIOTID

rhodrho? = pIpl/TIT2

weld = SGB((lgEeme) - 10)/ (20 gaamal) « ({gemmal + 10)/(2¢*gmm
RETURD

P)10p20pI01 tqmemal tN)/ (TET! ‘gammad Rd) )

Tnterier:
IT igemsaflag »~ | TELH gamta ~ gemasad : R = R4 LLIL gaama = gamss! | B = A}
ul = S#c(u) ¢ WD) s - ali/igamms - 1))
a) » (gamms - 1#)*{ul - u2)/e0 ¢ (al o ad)/24

RETURM
tapansion:
W2 v 20/ ((gaamsl ¢ 11 *TAR (expangiei) ¢ (gammal - 18)*us?/ (gum DR YIRS 1] RTY
a2 = (gammsl - 161%{uud - u2i/20 - sel
p2 = pl*isl/all*(20'gemmal/ (ganmal - 11}
rhel = rhol*{aZ/all " (14/ igemanl - 1#})
1gameafiag = ©
ALTURN
Contact:
Caiculate esntact surface point position
Al = ftd - 12 s alv{ul - 82 + wd - AJUI/U2HCHUT - A2V (W) - @ITi| - RmACPuY o vy /(2% udiy/tked - A2 ¢ D - adt i€t - el
(ud ¢ wéi/120%ud%ud))
€l e (ad - 22 + t20T (U2 - @210 (N3 - AILI/(UD - &2 ¢ ud - adt) - RACZPculeud/(ud + wdi) /(200 (u2 - @210 ivD - edticu] - a2« ud - adre
T8oudtues () o wd))
Ca.culste driver gas poist pesitions
&) = () - ta . (U4 - add ¢ ud - aSH/ (0% (ud - BAdI%(ud - @31) - AIV(Ul ¢ &l ¢ u) o @B/ (200 (ul ¢ alitiu] v mddlis{(ud - add sy
@)/ (290 tud - 8dd)(ud - @3}) - {ul ¢ @l <+ u) ¢ @)/ {280 (Ul ¢ a1t iND o addl))
Bl = (R - Ad o R 240 (ud - edditiud - aS /{ud - EAd o Ul - A - WDty o+ alltTud » addi‘{ul o Bl ¢ ud ¢ 4dd) 1 (2% 1ud - kgl iud
@31 /(ud - méd + ub - @Y} - TPe(ul o al) (WD » add) /Nl ¢ @l + ul e add))

Calculate driver gas point preperti
e e BAIILL - 211 4 (a4 - x1)°2
b e BOR{{ES -~ 11" ¢ (&5 - al)°Dy
o e SRty ~ )T » (a5 - al) Q)
ul = (Beud + e*uS)/cd : 8l = 44 ¢+ c'adi/ah
Calzuiate ethar polnt prepertiss
Pl = (Bops » e°pd)/ab
ehol = {Birhodd + e'rhol}/ e
p3 = pétiadt/adti“{2¢*gasmal/ iganmal - 1))
rnold = pl/add*l
rhelt = gaamal®pl/ {(alt"2) *ganasd)
Calculate Contact surface point properties
u) = ((rholtal ¢+ Thedd add}*ul/24 o (rholtal » IWOITPAILICU2/20 4+ Pl - P /{izheltal + rheld addl /2 o (rhal'al + rhelt adii/2e:
P = (29*pl/ieholtal + rhwldtald) ¢ 29°p2/ (rholtad ¢ rFROdttAdt) v ul - U228/ {rNel1%al ¢ rhaleradd) ¢ 28/ (cho2al o rhedtaldill

ot - Lt (p3/pdi“ {ignamal - 1)/ {2¢‘gmmmal))
ad - C(PpI/pA)c(iguamad - 18)/{20'gammad))
RLTURN

Calculations:

IT i1geamaflag = 1 TAEN temp = 1! : dans = |! LLIT temp = (guemel*1é)/ {gammal
17 1gamsaflag = | THEN §) = pl*ial/all"(10°ganesd/ (queaad - 141) ELIL pJ « pl*(ad/all* (20 guamal/(gasmmal - 14}
TI) = (83°2) *temp
Thel = (pI/TT) "esne
Store results of salculatiens and store point type
GOICE Sawereint
Oraw ocutpuL sesh
GOSUS OrawPeint
Drav aharsctaristic lines
QO30S Orewach
REZTURN

Average:
ans * SQR{{t2? - tted}*? ¢+ (a2 - xxmd)"2)
b = SOR{(tttd - t11°2 « {amad - 21)°D)
W = (aas‘yl ¢ Babul)/(ama + BB}
al = (aascal ¢« Bhb’al)/ (288 ¢+ bOD)
Pl = (asa‘pl » bab D)/ (aas ¢+ hbd)
T!) = (aaa'TT! + BBD'TT1)/ {asa + BBD}
rnol = {aas‘zhel ¢« BAB'rhol)/{asa ¢ BaB}
ALTORN

PitorCales:
1 = 311 : QOSYD FindPointl
9 * 111 : GOBUN FimdPeincl

B =~ ft2 - tl}*(xd - R1}/ (A2 - 1) 4 t)
iT i1pitotpoiat = 1 OR ipitotpeint ~ ¢ YAIN QOTO PitotCalcal
asa © SQR((L2 - €31°2 + {21 - ")
bby = SQM((t3 - t1}*2 & (=] - &i}°D)
w » jaad’ul ¢ BBRCU2]/ (888 ¢ DBD)
a) = jans‘al + babcal}/(ass ¢ hbD)
P = (aaa’pl + bR pli/(nAa ¢ D) : MOE = 0¢*u/a)
IT ipitotpoeint = | TELN gaema = gammal
iT ipitotpoini = ] TELX guema - gaanad
pitot = *plt{igamme ¢+ 1!:*G¢E°2/11}° (gaana/ gunam
Gridf = *Patet” ;: TT) « pitot
Pitotialasl:
Llesas ¢ 1 jvmaa v
IT ipitetpeint = 2 TEEN Grid$ ~ “ContactTine”
If ipitotpeint = 4 TEEM Grid$ = °*DladbTine”
S0STE SavePaint
ifoint (maxt = man « 1 : JPoiAt MAA) © max ¢ 1
IT ipitetpoint <> 2 ABD lpitetpeint < 4 TAIN Poirtlocalmas) « x) : Pointloct{man) = t) : Peiri?ypeimax) = 7
17 tpitotpoiat = 2 THEEX PointType(max) - §
{F ipitstpoint « 4 THEW PoincTypeimaxi =
MINDCM 4z JUTTON 3, |
XETURN

< 1Nie.

AR PO 2/ (Gamma + 1) - (guEma - | /iqemma ¢ l.}°(L Igamma -

® us2°SON (guaRed *R{ T4Tl/ (gnemal A1)}

“ 8820 = ue2C QN [gammALtRATTAT]/ (gmamaltki}}
GOSN Getdeta
aOSTN Getbetad

Lad = (dL27700ata) ) (38/48)° (M 206100000 +354554/{PARLV10LA) 1 (10/48)  (ehol2rhol}/ ((tholshe: - 14) *p2pi)
lm2¢ « (dL2/ {40 moral))"2¢w020°206.00004°)54554°rho202znl0/ (PAPL 1012 P20OPIOY (PRS0l - 9 *PIpld)
RETURN
Catdeta:
IT met < B0 TREN Deta = -.00315¢8¢ ¢ - 641 + 02019 : GOTC Betalnd
IT met < 104 THEN bota = - .0CL64° 1 - 81+ L0210 SO0 Betalnd ~
I st < i34 TREX Deta = - .0Ci33¢°(met - 104 + 01984 : GOTO Betalnd
IF mat < 144 TEEN ets = - . 00144°(mas - 124: + 01374 ( GOTC Betalnd
IF met < 162 TEEN bocta = -.00063S* ¢ - 1dh o+ 01294 : QOTO Betalne
IF mad ¢ 180 TEEN Mata = -5.9999999999999990-C4¢ (et - 160) o+ 01162 : GOYC Detalnd
bota = - 00034 (mar - 1041 + 01044
Batalnd: N
»ets = Beta’{(rho2rhol®2 « ..2%¢°rho2rhol - M4} /irneirhel*(the2rhol - 1)) "radsse)
AETURN
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SR:GINAL PASE IS
OF POOR QUALITY

GetBetal:
1T we20 < 40 THEN Dotal = ~.0054° (mel2¢ - 44} + ). 66¢ « QOPO Botallnd
< 00 TEED Bota? = -4.5000000000000010-07(ms2¢ - 21 ¢ 1. 470 ( OOTO Petallne
IT @02 < 10¢ TEEN Detal « -.0534% jme2f - 041 ¢ 1.3¢ | QOTC Mmtaling
IF mels « 12¢ THER detal = - 5439 (an}y - } ¢ 1.1% 1 QOTO Metallnd
-.034%imedd - 124 ¢ 114

sl e a) 1 tl *td
& =14 ad & nd

t) = {14 - E1}/WI & ) ol =)

wd = uud

a - m

p) = rhow

TI3 = TIT2CTITI/TAT)

rhal = pIp2ep2pi R4/ (PEPICTIIONI)

L =mex ;) e man

QOB sawmPeint

Polntiockisaa) = i Pelntloct imar) = t3
PoLntTypetmaz) = & : lPeintiman) = 1 @ )Poistimas) = 3
GOSUS BavePoint

Q03U DrawPeint

08U Drawbiak

ALTURR -

=

GRAZBICS ASUTINEZE

Scales:
PINSIEL }, | 4 TEXTFONT ¢ : TLXTHISE § : TRNTTACE 32
FOVETO LiL264904/(1¢ ¢ LILZ4) < 14 « idcrellX, 10 : LINETO LIL2#°4904/(1¢ ¢+ L1128} + 14 + igerolix. O
xs = 404 LIL2¢/ (14 + L1024 + 14 « iSerelix
MOVITC R8s + 1, § : FRIWNY * 0"
WEILZ x8 < 490¢* (magfactort - LILI4)/ (10 + LIL24} - 40 + i8creliX
w e s e 30
“IF me > 500 TREN GOTO Bealeotnd)
MWVITO as. 10 : LINITC xs, %
VETO Re 4 1. 0
AV & CINT(((aB - 14 - 13erollXI®{10 o LIL241/490¢ - L1LI0) *10004/nagfactaré:
PAINT CENG (28) /1000
L4
Scalestndl:
Ra = 4900°L1324/(18 + LIL2H) » 14 ¢ 1screllx
MEILL as >~ 4300°L1L24°(10 - maglactorti /{14 s L1L24) + 78 ¢ 1perellx
Ra = zs - 30
“IF ae <« ¢ DN GUTC Scalestrdl
MOVETO as. 10 : LINETO ma, §
KVETO na + 2, #
&% = CINT(((ma - 14 - 18eroliX)* ()¢ ¢ LILI#) /4900 - L1241 410000 /angtastert)
PRIFNT CEWG (al) /1000
L
lcalesindl:
ts = 314 ¢+ 13arellT
MOVETO 1€, ts : LINTTO 0, ts : MOWVETO -2, ta - 3 : PRINT * O°:
MEBILL ta > 08
ts = ts - S0
"IF te > 310 TEEN GOTO Sealeshad
MOVETO 10, ts 1 LINRTO b, ta
tl = COMC((114 » 1BGrell? - wa}* (10 + L1320 /{4900 saglamert tarsotch})
i TRE(CINT {1 21001))
as = ° "« WIDA(TTRS, 2, 1) R
B4 = "+ MIDS({TTES. D, 1)
MOVETC 3, ts - 11 : PATWT °.°;
IF LER(T?88) = 4 THEN of = ° * ¢ NIDS{TT2§, 4, 1) : WOVETO -2, ts - 25 : PRIWT ash:
IF LIN(TTs8) = 2 THEN MOVETC -2. ts - 13 « PRINT * 0°: ; MOVEZO -1. ts « 3 : PRIWY ats; : QOTO Scaieshnd
MOVETC -2, ts - 12 : I LEW{TP38) = ¢ TREM PRINT B$: ILSZ PRINT a1}
MOVETO -3, te - 3t IF LEN(TTs8)} = 4 TERN PRINT ef: RELSL PRIWY B4
Scalesknd:
"
MOVETO 49G4°L1120° (14 - magfactert}/ (14 + L1L24) + 14 ¢ (SerollX. 10 : LINETO d904°(magfactart « LILZ61/ (14 « L1280 ¢ 14 » ilerollx T
WOVETO 10, 10 : LINETO 19, 314 + iSerell? .
TEXTIACT | : TRXTPONT | : TIXTSISL 12
AT
Tube :
PENSIIL 2, 2
totreteh = (314 - LILI#%4900* ({uud - aal)*(1¢ - wul/usli/aa2 « 18)/(wvu2* (10 + L1L2417) /2304
MOVETO (14 - magfacteré)*L1L24°4904/(19 + LIL2¢) + 144 + 1BerollX. J14¢ ¢ (SerollT
LINETO (L1L20 + magfactord)*4908/{1¢ + L1124} + 14¢ o 1BarellX, 2144 « iBerollT
MOVITC (1t - sagfacter LIL2AC49CH/ (18 o L1L20) « 144 ¢ 1BerollX, Ji4¢ « (SersllT
LINETC (14 - sagfactorf! LiL20°4908/(18 + LIL2€) ¢ 14¢ +» i1BcroliXx, 10
MOVETC LILIP°4908/ (14 « LIL2H) + 14 + 1herellX, 24 ¢+ iferoll?
LINETC LILIP44304/ (10 « L1L24) ¢+ 14 + LBarellX.1O
WAVETO (LIL24 + magfestart) *4D04/(1¢ « LILIM) » 14¢ « i1SerollX. 3144 + 1Scroll?
LINETO (L1L2¢ + megfactert)*4308/{1¢ « LiL2#) « 144 « iferollx. 1O
WOVITO (14 - sagfasterf)*LlL20*4908/ (14 ¢ LILI#) + 1440 o iBerollX, Il4 iserollT
LIWETO LIL2444908/(14 » L112¢) « 14 o (SarellX. 314 + ifcroll? - LIL20*490¢ magfactoré cotresct ({14 « LIL20! *ca2)
LIBTTO (LIL2¢ « magfacterd) *4908/¢18 + LIL20) + 148 « tSarellX, 31¢ + 13erollT - (10/us20 « L1L10/us2) 490 magfactord *tatraten: 14 « L1074
EL = L1L26°4900/ (140 » L1L24) + 14 ¢ iSerellx
%3 = J14 s 18eroll? - LIL2)*4%04maglfamerd tatratan/ ({10 ¢ L1L24) *usd)
wdash = 14/((tg2 - LILI¢/usl}*tatretch}
aend = (L1L2¢ + magtaster?)*4304/(14 + LIL2¢} + 144 ¢ iScrollX
tand ® 114 « 18erellT - tg2*490¢ nagfactorictatretah/ {14 +» 11124}
SOS08 Omahline
AL = (10 - sagfacerd) *LIL24°4904/ (14 + LIL24) + 14¢ » 1BerollX
ti * 3144 ¢ 1Saroll?
wdash = (ag + L1124/ (tgetetretch?
mend = 4904 (ag'magfactord » L1L241/(10 + L1129} « 140 + i8grallrx
tend = 1149 « 1Scrolll - 4%00'tg*magfactaré tatreten/(1¢ « L1124)
QOITE Dashline
MOVETC (14 - nagfactart) *LIL24°49C#/ (10 + L1L24) « 14¢ « LBcrolld, 1149 + (Serell?
CALL PENPATIVARPTN (1dashi{0}!))
IF xgblod > 00 AN tghlob > O TEIN LINLTO 490¢°(aghlob magfactoré o L1L20)/ (14 + L1LZ#) + 14¢ « 1ScroilX. 3:d¢ « i1%erail? -
tgblob maglfactort iatretentdd04/ {10 « LILTD) .
CALL ?EMMONGAL
PENSIIE . |
MOVETO L1L29%4904/ (14 » L1LI6) + 14 o 13erollX, 314 + 1Scroll? - L1L1¢*490¢ magfectord tatretch/ ({10 « LI1L2#) aa?)
LINLTC zand. tend
t * (314 « 1Sereil? - 101°(14 ¢ LIL29)/ 14904 "magiactoréttatretan)
mmnd - 29 =
tond = tg
LINETC 4900° ({{t - tend)*{uu} - eal} ¢+ xend: *magfactort « LIL201/{1¢0 + LIL24) + 14 + {Seroliy. 10
MOVETC (14 - magfacrer®) *LiL24°490#/ (14 ¢ LI1L24) » 14% + iScrolil, 214¢ « (Seroll?
LINEYO 49094 ((t*{uul - aad} - LIL2Y) *magfactord » LILJ&) /(10 s L1L2#) « 14 » 18eroilX, 1D
RETURN . N
Orawpoint:
rExsISE L, !

CIRCLEL (4900¢ (ad*sagfacter? - LIL2#1/(i¢ » L1L24) » 14 » 18erollX. 314 » 1Seroil? - t)'magiactordstecrever 49/ (18 o titreny, 2
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RETORN

DrawContaat:
rgmelss 2, 2
&1 = 4907 (zd4cmaglacterd « LIL2OI/ {10 o LILIS) + 14 + ibersilx
ti = )14 ¢ 15erell? - td‘sagfactordtgtrotar 4o/ (14 « LILIN
amnd > 4908° (n)'angfactere « LILINI/ (30 o LIL2M) + 14 ¢ 18erellX
tond = 314 ¢ 18arellT - I 'maglactorettetretchc 4304/ (1F + LiL2N
vdash = -(mnd - 81)/(tend - t1)
GOEUD DashLine
reasiax 1.}
ALTURN

Drawdach:
remsisL 1 !
MOVITO 490¢° (nl'magfactord + LILIA1/ (14 o LIL2#) + 14 « tferollX. 314 « iseroll? - LI*4904*nagractors catrotcn/ (14 « LiL2M)
IF Griad <> “IAterior)” TREX LTWETO 4904¢{ai*wagfacterd « LIL20}/(10 « L1L24} + 18 « 18croilX. 154 + 1Scroll? -
t1*4900 *nagfacter streteh/ {10 o LIL24Y
1F Gridl = “lnterieri® TREN QOUTO DrawsachInd
MOVITC 4900 (s} magfactord o LILINI/ (10 « LIL201 + 14 + 1farelik. 314 « 3farell? - vI*490¢ maglactorfsvatretch/ id » L1208
IF Grigd <> “CLapansion” TEDN LIWETO 4904 (al*magfactors « LIL2A1 /(16 + L1L20) « 14 + LBcrolil. 1.4 « 1Seroil? -
t2+4900 ~nagfacto; totretch/{l¢ + LiL2N
IF Gried = “Lapansion™ AND 3 <> -7 AND 3) © -1 TBEN LINETO LILI#°490¢/11¢ « LIL26) + 14 o iberollX. Jid « ilcrei.?
LIL20* 4900 magfactort tatratan/ ({18 +» LILI0)‘ued)

DravMachlnd:
RETUAN -
Grid:
CALL PENPAT (VARPTR (igreyi0))i : CALL PINSIEL(l. 1) : CALL PDADOL (Y
aa = 4904°LIL20/714 o LIL24) + 14 + iBerollX
1L me < 434
Ra = xs ¢ 30
MOVETO aa. 10 : LIRETO ap. 218
wIND
As = A90OCLILIN/{14 ¢ LIL24) + 14 ¢ iBerolllx
1L a9 »= 44
as = zs - SO
MOVE?O as, 10 : LINETO 2o, 310
wewc
ts ® 314 ¢+ iSeroll?
ILL ta > 9%
ts = cs - §0
MOVETO 1C. ts : LINZTO 308, t»
WEND
CALL 7 ENNONMAL
AU
Dashiine:

"IP AL < 14 AND R1 <= 314 TADN ti = -(14 - x{}/udash ¢ ti : 21 = 14 | GOTC Dashstart
"I vl > 314 AND ap >= 14 TAEN a1 = -udasht ()14 - c3) ¢ w3 ti = 314 ; GOTO OashStart
"IF &1 € 34 ARD 3 > 114 TEEN t12 = -(1d - mi)/udash ¢ ti : IF t42 <= 314 TAEM 25 = 14 1 i e T2 RLSE 21 = -udaeht (114 - Ti) ¢ &l
LLIE REM
DasnBtart:
WRILE x1 < mand MND ti > tend 'AND Ri < 04 MID ti > 10O
MOVETO a3, ti
a1l = 10#*vaas/IQR(udash 2 + 1) + i
ti) = -(mil - ad)/vdash ¢ el
IT xil »>= mend OR til <= tand TAEN xi] = asnd : til = tend
LIPETO mil, t1l
Al o FOTudash/IGR (wdash*? 4+ 18) o atl
ti = ~{mi - mil}/edaeh o+ til

L2
M2TURN

ReOraw:
PICTUML OFT | CALL RIDEPEN : PICTORE OW  CALL SBCWMPEN
Medraw?;
IT i1griaflag = | AND Lnusharflag = 0 TEZX QGONUS Grie
IT inumberfiag = | AND 1gridflag = O TEEN 30803 ShewWuaber
It iruaberflag = | AND igridflag = ) TELN G083 Gri¢ : GOSUB Bhewitwaber

GOS0 Tube

i4 = -1

WEILL TAURS = !
L3 = 44 + 1

ax? . 11+ &

IF LOP (1) OB 11 > man - § TAIN GOTC Medrawd

L = CYI(LE) : 3« CVI(X) 1 13«0

al = OV (al)

) = CVOtS)

Gridd - gut

ADlank = ITRITR(Grids, ° T) : Grids = LEFTI{Crids. rianx - 1)

QGOS0 Qetlocat lons

IT Grledo “interior® ARD GridiO “Lapansien” AMD Gridd<>*Contactt® AKD Gridb<>*Cortaccd® AID Grisb<>’Intarior:™ AND Grigs<> interics-
AND Grid8O"Bled” AND GriddO “TiretPoint® TEZN GUTO Badrawd

IF Gridd = *Incerisr® AND I © 0 TEEN GOSU1 PindPeint] : GONUB Findloint? : GOTO Aalrael

IF Grigs = *Iinterieri® TEEN QOSTD TimdPolnt]l 1 GOTC AeDrawl

If Grids = *Interier’® THRN GOSOD FisdPeLntl? | QOTC heDrasl

IF Grids = "Lxpansion® THELN GOSUD FindPelntl : GOTC MabDrawld

17 Grias = “Centaeti® THEX QOSUB Tindfoint? : QOUSUN TiadPolntdt . GOSUN FindPoint! L= il . @OST) TimdPoinil STTE Aelraw)
IV Grids = "Slsb® AND 1 <> O THEN OO80B FindPeint]! : GOUTO Relrawd

17 Grids = "rirstPeimt” AND iciraleflag = ! TSEN GOSUB Orawfoint : GOTO MeDrawé

Madrawi:
17 ieircieflag = ! TAEN QGOSUB DrawPoint
IF Gridé = “Centasett® THEN QOSUB DrawContact
17 Grigd = "Bleb® MAD 1 © O TEEN L2 = xJ : t2 = t) : QOB
1 &+ = 0 AND ) = 0 THRN QUTC ReDrawd
IT Gridd <> “Bled” TEEN GOS03 Drawkach

Dravwiiak

AaDravs:
WEND
Redraw):
LINT {0, 9y - 508, 10) . 20, »f

LIWE (8. 16) - {10, 3i@}, 30, W
GOI03 Scales
RZTURM

Setlocations:
IT OCASTS(Grids) = *INTEAICR® TAEW PoincType(il » §) = O
IT DCASZS(Grids) = LXPANSION® THEEN PointTypeiil « &) = |
1T OCASIS(Grid$) = "CONTACTT™ TAEM PointTypeiil ¢ 6) = 2
IT DCASES (Grid$) = °CONTACTD® TREN PointTypeiil ¢« €) = 11
IT DCASES (Gr1€3) = "INTERICRI* THEN PointType{ii + ) =}
IT DCASES{Gridi) = "TNTERICRS™ TEEN PeintTypeili : §) = 4 -~
IF OCASESIGrid$) = “SLANK® TEIN PoincTyps(ii + 61 = 3
17 UCAALS (Grids) = BLOR" TAEN PoincType (il ¢+ & = &
I DCASES(GridS) = TIASTPOINT™ TRIN PolntType(ii + & = 10

IT OCAILI{(Grids) = “PITOT" TEIN PointType (il + & = 7

17 OCASRS IGrids) “CONTACTTIME® TEEN PeintType(is + 61 = 8
IF DCASLS (GridS) = “BLOBTIME” TAEM PaimtTypeili « 6 = 3
Pointlocx(ii ¢+ €t = nJ

Porntloet (il + §) = I

ireint (il + 61 = 1 : JPoLntiLi ¢+ &) = 3
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ALTURE

Aetiot:
PICTUREL OFF 1 GALL SIDEFER 1 PICTURL OW : CALL SEOWPER
MelPlet2:
IT 1gridlflag = | MWD inremberfiag = O TREZN GOSUS Qrié

IT 1rusberfiag » I AND 1qridfieag = 0 TEIN GOSUS ShewWuaber

17 iruaderflag = | AND igriefleg = ! TALW QOSUD Grié 1
QOIS Tube
ron 3 = § 10 san

A} = Peintieesil)

1) « Peintiectit)

1= 1P0URL(L) 1 33 w JPeimt (i) 1 3 = B

IF PeintType (i) = O TALN Gried = “Iaterier” 1+ IT 13 © O TREN x] » PolntloaniPoint (1]}
Pointloca tIPOLALils) 1 L2 = Pointioet {JPoint (1)) : QOUTO Rap

17 PointType (i) = 1 THDN Gri

= “LEpanslent 1

IF PeintType (i) = 1] TALX Grid$é = “Centaece® :
IF PointType (i) = J TBEN Grid$ = “Interieri® 1
I7 Point?ype(i). = ¢ TREN Grids = “Intariery”

Ir PointType (1) = & TAEM Grids = *Blob®  If i1i © O TEEN al = Polntioca (LPoint(s) )

GOSUY Showl unber

ti = Peintiloct itointii; - aZ =
3 ELSL QOTO RePlot) ELSI AENM
Al = Peintlecn{iPeint(1}) : t] = Peintiect [tPeint{il) : GOTC RaPlot
I PeintType (1)=2 TELN Tridf ="Centactt:alePeintlees (IPeint (1)) 1tl=Paintioct (3Po1at (3)} radaPointloca(iPoint [3Point (1)

itd=fointiloct {{Point (Jfelnt (1))} :al=Paintloca(iPoint ilPeint [13)):t1=Paintioct (1PoIAt (LPOLAL (11]} :GOTC Reflot)
GOTO RePlotd

Al o Peintleca(iPolntiil} : t1 = Pointlect (1Peint (i1} : GOTO MePliotl

¢ A = Peintlecaljrolntiil) : t] = Pointloet (dPoiAt (1)) © GUTO Refiotd

tl & Poiatloct (1Peint(ll) . GOTC NeFloul rist

QUTC RelPist) CLBL ADM

If PointTypeil) = 10 AND icircleflag = 1 2LEN GOSUN DrawPeint

QOTC Aellocdt
AsPlot):

IT lcircleflag ~ ! TEEW GOSUS Dra

IF Sries = ~

16t
PLECIL " TADF GOSUY DrawContsot

17 Grids = "Blob® ANC 12 <» O TACN 232 « aJ : t2 = t} : GOSUY DrawBlos

IF {1 = 0 AND 3J = 0 TEEN GOTC Rafloté
I Grids <> "Blab" TELN GOIUS Draweach

Reflotd:

XT3

LIAL (0. 01 - (308, 101, 10, W2

LINE {C. 101 - (10, 218}, 20, B¢

GOSUN Scaies

RETURN
Tiashiine:

rEnsse ). g

IF itimer = 1| TRDM itimer = 0 : LINU (sx!. stl) - {sal,

IF itimer < 0 THAEN itimer = i | LINL (sxl. stl) - tsal,

CIRCLE | o sely.

CIMCLE (ea2. #t2), 3

AZTURN ,
RePicture:

PICIURL OFT : Image$ = PICTUMLS : PICTURE ON : PICTOURE,

RETURN

CALL PENPAT(VARPTR (1dagh(0})) : PENSISL 2. I

MOVITIC 4%04° (n] *mag: terd ¢« L1L24)/7 (10 « L1020 o 14 »
actart + LILZH)I/ 114 o L1L205 « 14 o
PLNNCRIOL : PENEISL 1, )

‘ WOOSL MPOT ROCTINES

SelectContact:

BALAF OF : ibresak = O

e lectCentact]:
t = MOOSL (D)
WEILL WMOOSE(D) <> 1

IT ibread = | TAEX QOTC SContactind

wws
RAR = MOCSL(5) : ttr - MOCIL(S!
lcheexfiag = 0
Q0OIUN ChecxPoint

oLy, 33 ¢ RPTORM
t2), o

Inages

iSersliX, 314 + ierell? - 4900t *naglfactord'tatrotah/ (it » L1LIH)
LBerellX, 114 « iSereilT - 4900 t2*magfactorditatretens (14 + LIL24)

IT ieheckflag © | TEEX SEEF : BEI? : GOTC SaleetCantact)

118 = 01
(24
SalectContact?:
€ = MOOST (0}
WRILE MOOSE(0} <> 1
1F ibresk = | TREZN GOTC SCantsstlnd
WD
Ao« MOOSE(S) : ttt = MOUSL{S)
ichecaflag = 0
GOSUE CheckPoint

If ichackilag © 1 TELN BLLZP : SILP : GOTC lelsctlantast?

112 - 18
IContactEnd:

BREAX OFF

ALTTH

SelectLxpansion:
JAIAX OF : ihbreak « O
lexpflag = 0
SelsctIxpansion.:
T = MOUSL(0)
WRILL MOCSE (Q) <> 1
If ibreak = ! TAEN GO0 FLapLnd
If iaxpflag = 0 TAEM Tast) = [XPI2I(D)
IF lexpflag = 0 TR sspangle = VAL (Testh)
If lexpfiag =
WLt
RR2 = MOGSL(S) : tit = WOGEL(6)
lehserflag « 0 : ifudgeflag =
QOFUB Chechtoint : ifudgeflag = ¢

O TEEM I Tesch = °" TEEN Lampflag ~ ¢ LLIL sexpfilag = ! : BET? RLSE ADM

IT lcheckfiag © | OR leapflag = ¢ THEM BIZP : BEI? : GOTO felectlmpansion!

Stapiad:
BALAR OFF
RETURN

Selectinterior:

BRLAX M - ipreak = O

Se.ectintarior!:
s = MOCSL{D!)
WHILL WOUSE (0 <> )

I7 israsax = | TREN GOTC Sinteriortnd

oW
xxz  MOOSE(S) : ttt = WOOSE (6)
Leheaafiag « ¢ : idriverflag - |
QOSTB ChecaPeint ; idriverfliag = 0
IT ierechflag <> 1| TREN SLL?
Al « gm ot e et LKl e 1l
nrr

Selectlntasieri
1 = MOOSL(C)

BELI? : GUTC SeieatIntarier)

O‘_. \i.\ﬂ?‘— EJF‘GE ‘S
F POOR QUALITY
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LR
st ¢

9

i s o 1 OF POOR QUALITY

IF (prask = 1 TSE® QOTO Slnceriscing

"W
EAA * WOUSE(3) + tir = MOUNR (6}
iehoektlag = O
OV CheerPeint
IF ishesiflaq © | TEER BLEF : BER? | QOTC Belsstinterier?
a2 e pa 1 2 v oeL 1 112 - 43
Simeriortad;
SRALAR OFT
AETURN

ChecrPoint:
IF trwefiagc = § AND i1newflag:i o 0 TALN QOTC ChechPointl
(ng magfactord « LIL24) /104 » LILI) « 140 ¢ 10crollX
+ 18croil? - A904‘rgrmagfactersttetretehs (14 « Lil2p}
CIU{I188 » 1Beroll? - 108 (10 ¢ LILIE)/ (4904 *magfactarsitatretet | - tgi*tuu) - aal

c Rg)tmagfactord ¢ LILINV/ (18 o LILZE 40 -
1Scrollx

oty = 10
- (atg - eti)/{amg - sal)
e (1tr - #tg + ME'ung o RRR/®S)/{RE ¢ 18/8d)
ot = i (rx - Wxg) + Wty
1T SQR ({axE - #3}°2 + (tRL - s1°2) < 14 TERM ichechfleg = | LLIZ GOTC Checabatnt!
Grid$ = “Interior”
1«0 : 3=0
A - flea - 14 - 186rOilX)* (11 « LIL241/490 - LIL2#) /magiactor? -
) = (314 ¢ 19erell? - #U)* (2! o LIL2¢}/ (490 magtactorPotatrateh!
wl e ul
al = aad
pd = pipd
T a2
thed = pI/TTI
QOSUS SaverPoint
1T inevflags « | TELW GQOSUP OrawPoint
irewflage = 0
Polntlocaimax! = a) : Pointloctisax) = t) : 1loint(man) = 0 ;: jPointimas) = O : PolrtType(maa: = O
il = saa
QIO Checking
Chech?ointl:
TOR ii = mas TO ¢ STEP -1
IT 1driverfiag = | AND PointType(ii} = i1 THDN GOTO Cheexleointd
IT 1fuagelflag « | AND Point?ypeili! = ID TEEN (fudgefiag » 0 : QOUTC CheckPointld
IF PointType(1L) = O OR PointType(il} = | OR PeintTypeill} = 2 O PointType(ii) « 1 G PeintType(ii) = ¢ OR FointTypet
PoincType (4L} = 10 OF Point?Type(1i] = 11 TRIN QOTO Oweallointl
QO Creakrointd
Cheekfeintd:
s = Pointlseniii) : t o Pointlectiil)
Bx ® 4908° (x*nagfactort ¢ LILIN/{14 ¢ LIL26) + 14 + ifcrollX
3t = 314 « 1¥crollT - (904t magfactordetatretch/ {1t » LiL24)
IF ADS (a3 - ERX) <= 20 AND ABJ{st - ttt) <~ 1# TEEN ichmakflag ~ 1 : GOTO CheckInd
ChechPointd:
WEXT L1
Cheeking :
RETORN

SelectIplit:
BREAX N : ibresan = 0
Selectiplitl:
= MOOST (0}
WRILE MOUSE (D) <> ]
QOSUS Flashline
IF ibreak = ] TED» QOTO $Splitlae
L]
KA = MOOSE(S) : ttt = WODBE(6)
m¢ = (912 - stl)/{ex2 - sxl)
IF ABS (M) > 14 TEER ARRd * (RAR/BO*2 ¢ (ttt -~ STI}/Be ¢ SALI/ (16 o 10/m9°3) ELST xaas o (M8°2°sa « tEt - otl)*mé « nxml /(10 + Bt
IF ABS (m#) > 14 TEER tttd @ (2xx - xaxd)/mé + vttt LLIC tttd = (aaad - gal)*wd » ot}
IF SQR({teed ~ tet)*2 « (axad - axa)*2) > 3¢ TEEN jehweaflag = O RISL icheeaflag = |
IT icheckflag © ) TEEY BILF : BLEP : OOUTO BelestSpliit)
xaml = (amms - 14 - (BereilX - 4900°LILIA/ (3 ¢ LIM2M)ICU14 o LIL2P}/ {490 maglaciort)
tetd = {314 ¢ iPerell? - tttd}* (18 + LIL28)/ (490 nagfactari
SipiLthne:
BALAX

orr
TV

loastelnfe:
WINDOW ) : meuseflag = !
SETCTRION VARPTR (icrseshair(0))
Selectinfo;
T = MOUSL (0}
WRILI MOOSLIG} <> !
WENT
axa = WMOOSE(S) : ctt = MORIL(§)
lehackIlag = ©
QOSTY CheckPoint
IF ieheckflag < ! THEN BIRF : BIXZP : QOO Selectinfo
SLTCTRSON VARPTR (1wateh(0})
Wircy = 0
IT firstinfo <> | TREN OOSDY Tindlnfe
wsuseliag = O
RITOMN

wocaialrase:
IF infefiag = | YREN WIWDOM )
mouesfiag = |
SETCONSOR VARPTR (Lerseshalril))
BRIAX ON . Lbreax = 0
Seisctlirase:
t - UL
MEILL MOUSL{(0; «> |
I7 ibreak « | TAIN GOTC Lrasalnd
L2
Aan = MOOSL(S! : ttc = MODIL(6)
lehoaxfiag = O
QOSUE OhreskPeint
IF PointType(ii} = 2 Oh PointPypeiil) = J OR PointTypeill} @ ¢ OR PointTypeiil) = 7 OB PoimcType (il = 9 OR PointType(is) = i. TEEN ichscallag
-0
It lcheckfiag © . TREW BLEF : BZEP
brassing :
BALAX OFF : IT ibreak = 1 TAIN ALTORN
SEICURBOR VARPTR (iwateh(0))
RLTUMS -

locatsfersll:
17 infoflag = 1 TAEN WINDOM )
seuseflag = |
BRLAX QN : ibres: = 0
STTCURBOR VARPTA (shand [0))

Salsctieroil:

&t = MOUSL(0)
WRILL ¢ = O
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17 threask = 1 TIIN QOQTO Dereilbne
- UL (R
weo
RAs = WOUSRIS) 1 It « NOUBE (4
I7 2as < 0 OR aan > $07 OB Lttt « 0 OF it > )17 TREN BEXP 1 PTL? | GOTO Selectseroll

Jcrolllnd:

BALAX GFF : 17 ibfask = ] TAEB ARTURN
Wirey = @
RETURN

Selectdlen:

Selecthiak):

BAIAR ON 1 ibreak = 0

Peiecthiabi, .

s = MOOIL (0}
WRILL MEUST (0! <> 1}

If Lerear = | TILN QOTO Slebind
=w
Aax = WOUBL(S] : trt = MOUSE (6}
ichechfleg = ¢ : ifudgeflag = | : idriverflag = )
GOSUS ChechPeint 1| 1fvdgeflag = O 1 idriverflag = 0
IV i1eheckflag © 1 TEZN BZRF : JLR? : QOTO Selectdisdl
al o ox 1 tl = gt 1 31l = 41
ne

¢ - MOUSL (O}
ERILE MOUSEID) <> ]
If ihreax = 1 TREN OOTO Blaoblnd
wewo
max = MOOSE(S : Lttt = WOUSE(6)
ichochflag = § : idriverflag = 1
GOS0 CheshPeint : (driverflag « 0
IF icheck{iag © | THEN SLEPF : BZIP : QOTC Selectdioal
IR LRI S BLIY 1 RN TS BE TS
p1144

SejactBlabé:

- MOUSEL0)
WRILE WOUSL(O) <> |
IT ibresas = 1! THEN SOTO Bieblne
L2
ARs = MODSE(S) : ttL = WOUSL($)
lewekflag = ¢ : Ldariverflag = !
S0S0B Cheekleint | tdriverflag » ¢
1T jcheckflag © | TEEN BLLP : BIZ? & QOTC Selsctdlobé
[SARdE LEEIRY BUIY TONEE VY S IFRY

Bioblnd:

BALAX OFF
RETORN

SelectPiton:

BAEAN OB : Lbreak = O

SelectPitorl:

5 = MDOSR {0}
WRILE MOOSE (D) © 1
If ibreah = | TAIN GOTO SPitatlnd
L2 ]
RRx = MODUE(3) : tett = MCDSL(S)
lcheakflag = 0
QOSDS Cheakfeint
I jeheskflag © 1 THEEN BERPF : BZEP : GOTC SelectPitot)
Rl * a8 ¢ tl » 8t 1 411] @ 13
ne

SelsctPitatl:

1 = MOOSEL{0)
WEILE MDOSE(0) <> )
I ibreak = | TEEN QOTO SPitetRnd
wm
x2x = MODEE(S) : Ttt = MODSE (S}
lonsekflag = &
00873 Cheekteint
If lehechflaq © | TEEN BIRP : SEI?  OGOTC

leet?itot?

=2 - bl = 8t 1 313 e L3
QOS0s Pitotlales
SPitotiad:
FRIAR OFT : NINDON 4 | INTTCTRSOR
ARTORN .
SUBRCUTINES

$ST) seroinles. bz tol.iflag.s) STATIC

SAAMLD gammad. guamal, R1, R4, TATL, PAPL, TITL. p2pl, PIpI0. W2E. t6, td, x6¢, 43, us. ul

as2, Im¢, raelrhwl. LILIY. wv, wit. ai), rhoZirhell

Compuls eps. the relative sachine preeislon

s = 14

wps - wpaslt

tall = 18 « wps

tF (teil > 18) QOO 18

inltiaiisatien

-
L

IF Llleg
IF 1lleag
Ir 1llag
1T 1flag
Ir ifleg
IT ifleg

GOMTB Shoahl : fe e yy i ma e
OCEUD Iheex? : fa = yy 1 & =
GQITY lodCalc : fs - yy : ma
OOSU GCalc | fa = yy : &x = b : GOSUD GCale ' fb = yy
“"&lu:ll-nru-llu“mlglxb-yy
”erifl-nru-b:uﬂ_mr'b-yy

b : QOBUY Shocxl : M - yy
> : GOBUB Shocki : B - yy

e~
i
.
L]

Begin stap

cea
e = fa

Ded-a

e =0

(ABS(fe) »= ABS(fB)) GOTO 40
La=p

b=

cea

fa =

o = fc

fe = I»

Conwvargenes test

tall = 20'epetABE(N) ¢ .3°t0l
L LIS LET 20 11

IY (ABS(mm) «= tell} QOTC 90
IF (B - 80 000 W

Is bisestise ssesssary

Ir (ABI(e) < walil) QOUTO W0
IF (ARS(fa) «= ABS(f®)) @OTO 7¢

s Quadratic isterpslatisn pessidble

I (s © @) QOTO SO
Lineasr interpelatien

o~ /ta

p e 200

95

b i Q0STE MlemCalic : £ = yy

Thod,

rho

3, vl rrom. rhol. WDt MD ual. wal

ORIGINAL FAGE IS
OF POOR QUALITY



Q=14 - =

= 0 i e h I ;o
Iaverse gesdretls LAterpeliatien . I E
Q- tate e ey
1- o Or rGCR QUkTY
s B/ts
P o {dmeQiio - M o~ - ateid - 1y
Q= 1@ - 181 - 18 1e ~
Miwst signe ‘
ir iy > me o0

» - M
Is intarpeiatiss ssewprabie

P 1i2tcp »e (14*m°Q - ABd (rell*Ql:) 8OO 70

1P {p > ABS|.3°e*0Ci) GOTQ 0

e =0

o= p/Q

o 10
Miseet ion

Dem

=0
Campiete W

s

a1

tP (ABBID} > tell} TEEN B o p « O

IF {ABSID} <= tall) TREN B = 3 ¢« ASS{tall!*9dN(as:

IF ilflag = © TEEW ma = b : DOSUY fwax! : B - yy
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